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Section 1.0 Executive Summary for Recirculated DEIR
1.1 Introduction
This Recirculated Draft Environmental Impact Report (R-DEIR) addresses the environmental
impacts associated with Coast Seafoods Company’s (Coast) Humboldt Bay Shellfish Aquaculture:
Permit Renewal and Expansion Project (Project or Preferred Alternative). The California
Environmental Quality Act (CEQA) requires that local government agencies, prior to taking action
on projects over which they have discretionary approval authority, consider the environmental
consequences of such projects. An EIR is a public document designed to provide the public and
government agency decision-makers with an analysis of potential environmental consequences to
support informed decision-making. This environmental document focuses on those impacts
determined to be potentially significant as discussed in the Final Initial Study (Final IS) completed for
the Project (Appendix A).
This R-DEIR has been prepared pursuant to the requirements of CEQA (California Public Resources
Code, Division 13, Section 21000, et seq.) and the State CEQA Guidelines (Title 14 of the California
Code of Regulations, Division 6, Chapter 3, Section 15000, et seq.) to determine if approval of the
discretionary actions requested and development of the Project could have significant impact on the
environment. The Humboldt Bay Harbor, Recreation and Conservation District (Harbor District or
District), as the CEQA Lead Agency, previously circulated a Draft Environmental Impact Report
(DEIR or October 2015 DEIR) for public review on October 26, 2015 (State Clearinghouse #
2015082051). During the public comment period, numerous Federal, State and local authorities, as
well as non-profits, scientists and individuals, took the opportunity to submit comments. In response
to comments, and in coordination with regulatory agencies, Coast identified a new Preferred
Alternative that incorporates phased project implementation, in-kind compensatory mitigation for
eelgrass impacts, and adaptive management to ensure that there is no net loss of eelgrass resources.
CEQA Guidelines Section 15088.5 requires recirculation of some or all portions of a draft EIR when
significant new information is added to the EIR after public notice is given. In this case, because the
proposed Project, Project alternatives, and analysis of impacts to biological resources have been
substantially revised since the DEIR was first circulated for public comment, the Harbor District is
recirculating the DEIR in its entirety. Therefore, consistent with CEQA Guidelines § 15088.5(f)(1),
the Harbor District advises reviewers that while previous comments will remain part of the
administrative record, they do not require a written response in the Final EIR. New comments must
be submitted on this R-DEIR for response and consideration in the Final EIR. To facilitate public
review of the R-DEIR, a section-by-section roadmap of the changes made since the DEIR was
published is provided below.
Information for this R-DEIR was obtained from on-site field observations; discussions with affected
agencies; analysis of adopted plans and policies; review of available studies, reports, data and other
similar literature in the public domain; specialized environmental assessments (e.g., biological
resources, including avian resources and eelgrass habitat, Humboldt Bay Mariculture Carrying
Capacity Analysis, and Eelgrass Monitoring Plan); the DEIR, and the Final IS. Environmental studies
conducted specifically for the Project are discussed in Section 6.0 and in technical appendices to this
R-DEIR. The Harbor District has reviewed and revised as necessary all submitted drafts, technical
Coast Seafoods Company
Recirculated Draft EIR

1-1

Humboldt Bay Harbor District
July 2016

studies and reports to reflect its own independent judgment, including reliance on applicable technical
personnel to review all technical subconsultant reports.

1.2 Roadmap to Project Revisions
The Project and environmental analysis presented in this R-DEIR have been substantially revised
since the DEIR was published in October 2015. Coast and the Harbor District made the changes
summarized below in response to public comment and in consultation with Federal, State and local
regulatory agencies. Numerous public comments received in response to the DEIR focused on the
previous project’s potential impacts to eelgrass resources in Humboldt Bay and to the species that use
or depend on eelgrass, including herring and black brant. The comments evidenced significant
disagreement with the DEIR’s analysis that the previous project’s potential to impact eelgrass would
be less than significant without mitigation. Many commenters stated that the appropriate threshold of
significance for eelgrass impacts was no net loss, rather than the 25% loss in density identified in the
DEIR. Commenters also suggested that the Harbor District adopt a more precautionary approach
and reduce the project’s footprint in the East Bay Management Area.
The revised Project presented in this R-DEIR reflects these and other comments. The proposed
expansion areas for the new Preferred Alternative were substantially redesigned to minimize the
Project’s footprint in continuous eelgrass and in prime herring spawn locations in the East Bay
Management Area (EBMA). The revised Project also incorporates in-kind compensatory mitigation,
a “no net loss” threshold of significance for eelgrass impacts, and adaptive management to ensure that
impacts and mitigation uplift are balanced as predicted. A map comparing the new Preferred
Alternative and the previous project is included below as Figure 1.1, along with a table comparing the
new Preferred Alternative and the previous project’s overlap with eelgrass, the East Bay Management
Area and other habitats. Finally, a section-by-section list of changes made in this R-DEIR is also
provided below.
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Figure 1.1 Map showing changes in expansion area locations between previous project and new Preferred Alternative.
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Topics

Original Proposed
Expansion (acre)

Project Re-Design
(acre)

Difference
(acre)

Total Acreage

622

622

Culture >1.3 ft

35

41

Continuous Eelgrass

492

409.7

↓

82.3

Patchy Eelgrass

108

184.4

↑

76.4

Not mitigated

In-kind mitigation

Mitigation

No difference
↑

6

↑ 100

East Bay Management Area (EBMA)
Overlap with EBMA

328

310

↓

18

Documented Herring
Spawn

248

175

↓ 73

Continuous Eelgrass

283

210

↓

Patchy Eelgrass

18

95.5

↑ 77.5

Habitat within
500 m from Channel

225

123

↓ 102

73

Below is a section-by-section summary of revisions in this R-DEIR:
Section 3.0 Environmental Setting
•

Discussion of eelgrass and other biological resources as Tribal Cultural Resources.

Section 4.0 Project Description
•
•
•

•
•
•
•

Expanded discussion of the project’s scope and scale.
Relocation of proposed expansion: the new Project has substantially less overlap with
continuous eelgrass, the EBMA and areas of documented herring spawn.
Phased implementation:
o Phase I includes a 210-acre expansion of cultch-on-longline and basket-on-longline
culture;
o Phase II includes an additional 412 acres of cultch-on-longline.
Wider spacing for basket-on-longline (alternating 9-ft and 16-ft spacing) and cultch-onlongline culture (10-ft spacing).
Cultch-on-longline will be hung in both a double-hung (150 acres in Phase I) and a singlehung configuration (6 acres in Phase I, 412 acres in Phase II).
In-kind, compensatory mitigation for eelgrass impacts via increased spacing between cultchon-longline in Coast’s existing footprint.
Robust monitoring of eelgrass impacts tied to a project Decision Tree and Adaptive
Management Plan.
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•
•
•
•

Relocation of approximately 5 acres of culture that the State Lands Commission determined
fell outside of Coast’s leased area.
25 ft buffer between rack-and-bag culture and existing eelgrass beds.
Inclusion of oyster culture in existing clam rafts.
Revisions to all maps and figures to reflect new Preferred Alternative.

Section 5.0 Alternatives
•

•

•

Additional discussion of alternatives that were considered and rejected from further analysis,
including:
o Additional discussion of the Eelgrass Avoidance Alternative and potential to
lease/acquire acreage with less eelgrass coverage;
o Revisions to Figure 5.1 (now Figures 5.1-5.4) to better illustrate the area within
Coast’s leased and owned acreage that is at suitable tidal heights for oyster
aquaculture and not occupied by patchy or continuous eelgrass;
o Discussion of alternative longline spacing regimes and culture techniques that were
rejected from further analysis.
Revised Alternative 1—Instead of a 922-acre expansion at 10-ft spacing as Alternative 1, the
R-DEIR analyzes a 622-acre expansion using only single-hung cultch-on-longline at 10-ft
spacing. The 622-acre expansion proposed as Alternative 1 would occur in the same area as
the 622-acre Project.
Revised Alternative 2—Rather than a reduced 300-acre expansion as Alternative 2, this RDEIR analyses completion of the 210-acre expansion proposed as Phase I of the Preferred
Alternative.

Section 6.0 Environmental Analysis and Effects of Alternatives
•
•
•
•
•
•
•
•
•
•
•

Analysis of new Preferred Alternative and of revised project Alternatives 1 and 2.
Revisions to all maps to reflect new Preferred Alternative.
Discussion of eelgrass and other biological resources as Tribal Cultural Resources.
Use of a “no-net-loss” standard as the threshold of significance for analyzing the Project’s
potential impacts to eelgrass resources.
Revisions to the analysis of potential impacts to eelgrass resources to incorporate a range of
impact scenarios.
Inclusion of new Conservation Measures BIO-11 and BIO-12.
Identification of a potentially significant impact to eelgrass resources as a result of Phase I of
the Project.
Inclusion of in-kind, compensatory mitigation to ensure that potential impacts to eelgrass
resources remain below the no-net-loss threshold of significance.
Discussion of mitigation ratios and timing of eelgrass impacts versus mitigation uplift.
Revisions to Conservations Measures REC-1 and REC-2.
A new Mitigation Measure to reduce potential black brant impacts to less than significant levels
(Mitigation Measure BIO-4).
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Section 7.0 Cumulative Impacts
•

Analysis of the new Preferred Alternative.

Appendices
•
•
•
•
•

Inclusion of a revised Eelgrass Technical Report.
Inclusion of the 2015 Black Brant Survey Memorandum.
Inclusion of a revised Avian Technical Report describing the modeling done for the October
2015 DEIR (Brant Foraging Technical Memorandum).
Extensive revisions to the eelgrass monitoring plan to reflect the new Preferred Alternative.
Inclusion of an economic impact analysis for the Project.

1.3 Environmental Procedures
This R-DEIR has been prepared pursuant to CEQA to assess the environmental effects associated
with implementation of the Project. This document has six objectives under CEQA:
1. To disclose to decision makers and the public the significant environmental effects of the
proposed projects;
2. To identify ways to avoid or reduce environmental damage;
3. To prevent environmental damage requiring implementation of feasible alternatives or
mitigation measures;
4. To disclose to the public reasons for agency approval of projects with significant
environmental effects;
5. To foster interagency coordination in the review of projects; and
6. To enhance public participation in the planning process.
An EIR is the most comprehensive form of environmental documentation identified in CEQA and
the CEQA Guidelines provide the information needed to assess the environmental consequences of
a proposed project, to the extent feasible. EIRs are intended to provide an objective, factuallysupported, full-disclosure analysis of the environmental consequences associated with a proposed
project that has the potential to result in significant, adverse environmental impacts.
An EIR is also one of various decision-making tools used by a lead agency to consider the merits and
disadvantages of a project that is subject to its discretionary authority. Prior to approving a proposed
project, the lead agency must consider the information contained in the EIR, determine whether the
EIR was properly prepared in accordance with CEQA and the CEQA Guidelines, determine that it
reflects the independent judgment of the lead agency, adopt findings concerning the project’s
significant environmental impacts and alternatives, and must adopt a Statement of Overriding
Considerations if the proposed project would result in significant impacts that cannot be avoided.
This R-DEIR has been formatted as described below.
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Section 1.
Executive Summary to Recirculated DEIR: Summarizes the background and
description of the Project, the format of the R-DEIR, project alternatives, and the potential
environmental impacts and mitigation measures identified for the Project. It also includes a discussion
of critical issues remaining to be resolved and areas of controversy.
Section 2.
Introduction to Recirculated DEIR: Describes the background of this R-DEIR,
changes made since the DEIR was circulated for public comment, background on the Project, the
NOP and Final IS, certification of the R-DEIR, and mitigation monitoring requirements.
Section 3.
Environmental Setting: Provides a detailed description of the Project area and
location and regional environmental setting as they existed at the time the Notice of Preparation was
published.
Section 4.
Project Description: Detailed descriptions of Coast’s existing aquaculture operations,
the Project and its objectives, and the Project area and location. Also includes the necessary regulatory
approvals for the Project.
Section 5.
Project Alternatives: Provides a discussion of alternatives considered and rejected
during Project planning and describes the four alternatives selected for further analysis in this R-DEIR.
Section 6.
Environmental Analysis and Effects of the Alternatives: Analyzes the potential
environmental impacts for each environmental parameter analyzed and, for each, provides: a
description of existing conditions, pertinent laws and regulations, the thresholds used to determine
significance, potential adverse and beneficial effects of the proposed Project, conservation measures
incorporated into the Project, the level of significance before mitigation, mitigation measures
incorporated into the Project, the level of significance of adverse impacts after mitigation, and the
potential detrimental and beneficial effects associated with Project alternatives.
Section 7.
Cumulative Impacts: For each environmental parameter analyzed in this R-DEIR,
describes the potential cumulative impacts associated with the Project and other existing, approved,
and proposed aquaculture developments in the Project area.
Section 8.
References: A list of the technical reports, studies, and other documentation used in
the preparation of this R-DEIR.
Section 9.
Preparers of the Recirculated Draft EIR and Persons Consulted: A list of
preparers of the R-DEIR and persons consulted in preparing the R-DEIR.
Appendices. Appendices containing the following supplemental information are presented as
attachments to the R-DEIR, as follows:
•
•
•
•
•
•

Appendix A: Final IS & Notice of Preparation
Appendix B: Initial Study Comments Received
Appendix C: 1.5-Foot-Elevation Oyster Culture Feasibility Study
Appendix D: Revised Eelgrass Technical Report
Appendix E: 2015 Black Brant Survey Memorandum
Appendix F: Brant Foraging Technical Memorandum
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•
•
•
•

Appendix G: Aquaculture Carrying Capacity Analysis
Appendix H: 2016 Eelgrass Monitoring Framework
Appendix I: Harbor District Protocol for Inadvertent Archaeological Discoveries for Ground
Disturbing Project Permits, Leases and Franchises
Appendix J: Analysis of Project Economic Impacts

1.4 Project Location
The Project site is located on intertidal and subtidal lands owned or leased by Coast in the north and
central parts of Humboldt Bay, California. Humboldt Bay encompasses roughly 62.4 square kilometers
(about 15,400 acres) at mean high tide in three geographic segments: South Bay, Entrance Bay, and
Arcata Bay (North Bay).

1.5 Summary of New Preferred Alternative
The Project consists of renewing regulatory approvals for approximately 300 acres of Coast’s existing
shellfish culture, including intertidal cultch- and basket-on-longline culture, intertidal nurseries,
subtidal FLUPSY rafts, subtidal wet storage floats, and subtidal clam rafts. In addition, the Project
proposes a two-Phase, 622-acre expansion of intertidal shellfish aquaculture in North Bay, the addition
of 8 bins to the existing FLUPSY, and use of the existing clam rafts to culture Pacific and Kumamoto
oysters. In Phase I of the expansion, Coast is proposing to culture 150 acres of 10-ft spaced, doublehung cultch-on-longline, 6 acres of 10-ft spaced, single-hung cultch-on-longline, and 4 acres of rackand-bag. Rack-and-bag would not be placed in eelgrass and would maintain a 25-ft separation from
existing eelgrass beds. Coast is also proposing 50 acres of basket-on-longline with two rows of baskets
separated by 9-ft, followed by a 16-ft space. Of these, 20 acres of baskets will be placed above 1.3-ft
MLLW and 30 acres will be placed below 1.3-ft MLLW. As mitigation for potential eelgrass impacts
in Phase I, Coast is proposing to convert 100 acres of its existing footprint from 2.5-ft spaced, singlehung cultch on-longline to 10-ft spaced, double-hung cultch-on-longline. In Phase II, Coast is
proposing an additional 412 acres of single-hung cultch-on-longline planted at 10-ft spacing.
Implementation of robust monitoring and an adaptive management plan will ensure that there is no
net loss to eelgrass resources. In total, the Project would result in 922 acres of intertidal oyster culture,
which represents approximately 21% of Coast’s owned and leased land.

1.6 Summary of Project Alternatives
The CEQA Guidelines (Section 15126.6[a]) state that an EIR must address “a range of reasonable
alternatives to the project, or to the location of the project, which could feasibly attain the basic
objectives of the project, but would avoid or substantially lessen any of the significant effects of the
project and evaluate comparative merits of the alternatives.” The alternatives were based, in part, on
their potential ability to meet the Project objectives, as described in Section 4.5.1, Project Objectives.
As described in Section 5.0, Project Alternatives, four alternatives were identified and analyzed for
relative impacts as compared to the Project:
•
•

Alternative 1: 10-Foot Spacing Alternative
Alternative 2: Reduced Footprint Alternative
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•
•

Alternative 3: Existing Footprint Alternative
Alternative 4: No Project Alternative

The following presents a brief summary of each alternative; please refer to Section 5.0 for a more
thorough discussion of alternative selection and to Section 6.0 for a complete discussion of relative
impacts associated with each alternative.
1.6.1 Alternative 1: 10-Foot Spacing Alternative
Under Alternative 1, Coast would renew regulatory approvals for its existing shellfish culture activities
and add an additional 622 acres of intertidal, single-hung cultch-on-longline oyster culture using 10 ft
spacing between longlines. Coast would also implement a reduced eelgrass monitoring program to
ensure that impacts to eelgrass as a result of Alternative 1 remain below the threshold of significance.
This Alternative would not include phasing or compensatory mitigation.
1.6.2 Alternative 2: Reduced Footprint Alternative
Under Alternative 2, Coast would renew regulatory approvals for its existing shellfish culture activities
and seek regulatory approval to complete Phase I of the project by expanding intertidal culture on 210
additional acres. Alternative 2 would include monitoring, mitigation, and adaptive management as
described for the Preferred Alternative
1.6.3 Alternative 3: Existing Footprint Alternative
Under Alternative 3, Coast would renew regulatory approvals for its existing shellfish culture activities
but would not seek to permit additional intertidal culture in Humboldt Bay.
1.6.4 Alternative 4: No Project Alternative
The No Project Alternative would prevent cultivation expansion by Coast under this Project and result
in the non-renewal of Coast’s existing permits for its existing cultivated area in Humboldt Bay, thereby
requiring the removal of Coast’s existing planted shellfish and shellfish gear.
1.6.5 Environmentally Superior Alternative
Alternative 1: 10-Foot Spacing Alternative is the Environmentally Superior Alternative because it
would achieve some of the Project objectives with no significant impact to eelgrass and without any
significant and unavoidable impacts to other resources. A program of eelgrass monitoring would
ensure that impacts to eelgrass are as predicted. The selection of the Environmentally Superior
Alternative is described more fully in Section 5.0.

1.7 Issues to be Resolved
Section 15123(b)(3) of the CEQA Guidelines requires that an EIR contain issues to be resolved,
including the choice among alternatives and whether or how to mitigate significant impacts. With
regards to the Project, the major issues to be resolved include decisions by the Harbor District, as the
lead agency, related to the following:
Coast Seafoods Company
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•
•
•

Whether this R-DEIR adequately describes the environmental impacts of the Project.
Whether the identified goals, policies, and mitigation measures should be adopted or modified.
Whether there are other mitigation measures that should be applied to the Project besides
those proposed in this R-DEIR.

1.8 Areas of Controversy
In accordance with Section 15123(b)(2) of the CEQA Guidelines, the EIR is to identify areas of
controversy known to the lead agency, including issues raised by agencies and the public.
This R-DEIR takes into consideration the comments received on the Draft Initial Study (Draft IS),
Final IS, and Notice of Preparation (NOP). Written comments received on the Draft IS, Final IS and
NOP are contained in Appendix B to this DEIR and a summary of those responses is provided in
Section 2.2, Notice of Preparation and Initial Study (Table 2.1), of this R-DEIR. Written comments
received on the DEIR will be included in the FEIR; only comments submitted on this R-DEIR require
a response in the FEIR. Known areas of controversy include the Project’s impacts on eelgrass; black
brant and other bird species; herring and other fish species; and impacts to recreational users and
hunters.

1.9 Summary of Environmental Impacts, Mitigation Measures, and
Levels of Significance After Mitigation
Table 1.1 summarizes the conclusions of the environmental analysis contained in this R-DEIR and
proposed mitigation measures. Level of significance after mitigation is also presented. Table 1.1 also
identifies conservation measures (Conservation Measures) that have been incorporated into the
Project. Conservation Measures are intended to ensure that the Project maintains a high standard that
is environmentally responsible. Conservation Measures may also be applied to improve or provide a
beneficial impact even where no significant impact has been identified. Conservation Measures are
further discussed in relation to each environmental parameter analyzed in Section 6.0. Because the
Conservation Measures have been made a part of the Project, they do not constitute mitigation
measures by definition, although they have a mitigating effect. Given their critical importance in
ensuring that significant impacts are avoided, conservation measures are treated similarly to mitigation
measures and will be included in the Mitigation and Monitoring Plan for this R-DEIR.

Coast Seafoods Company
Recirculated Draft EIR

1-10

Humboldt Bay Harbor District
July 2016

Table 1.1 Summary of Environmental Impacts, Mitigation Measures and Levels of Significance After Mitigation.
Impact
Conservation Measure
Level of
Mitigation Measures
Level of
Significance
Significance
Before
After Mitigation
Mitigation
IMPACT CR-1: Placement None proposed.
Potentially
MITIGATION CR-1: Coast will designate an
Less than
of equipment.
significant.
authorized point of contact (Cultural Resources significant.
POC) in the event of inadvertent discovery of
any cultural or archaeological resource or
human remains or Native American grave
goods during Project implementation; Coast
will ensure that the Harbor District has the
name and current contact information for its
Cultural Resources POC.
MITIGATION CR-2: Should an archaeological
resource be inadvertently discovered during
ground-disturbing activities, the Tribal Historic
Preservation Officers (THPO) appointed by
the Blue Lake Rancheria, Bear River Band of
Rohnerville Rancheria and Wiyot Tribe shall be
immediately notified and a qualified
archaeologist with local experience retained to
consult with the Harbor District, the three
THPOs, Coast, and other applicable regulatory
agencies to employ best practices for assessing
the significance of the find, developing and
implementing a mitigation plan if avoidance is
not feasible, and reporting in accordance with
the Harbor District’s Standard Operating
Procedures, as memorialized in this Mitigation
Measure and as further laid out in the Harbor
District Protocol.
1. Ground-disturbing activities shall be
immediately stopped if potentially
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significant historic or archaeological
materials are discovered. Examples include,
but are not limited to, concentrations of
historic artifacts (e.g., bottles, ceramics) or
prehistoric artifacts (chipped chert or
obsidian, arrow points, groundstone
mortars and pestles), culturally altered ashstained midden soils associated with precontact Native American habitation sites,
concentrations of fire-altered rock and/or
burned or charred organic materials, and
historic structure remains such as stonelined building foundations, wells or privy
pits. Ground-disturbing Project activities
may continue in other areas that are outside
the discovery locale.
2. An “exclusion zone” where unauthorized
equipment and personnel are not permitted
shall be established (e.g., taped off) around
the discovery area plus a reasonable buffer
zone by the District, or party who made the
discovery.
3. The discovery locale shall be secured (e.g.,
24-hour surveillance) as directed by the
District if considered prudent to avoid
further disturbances.
4. Coast’s plant manager (located at 25
Waterfront Drive in Eureka) or party who
made the discovery and initiated these
protocols shall be responsible for
immediately contacting by telephone the
parties listed below to report the find:
a. The Harbor District’s authorized POC,
as listed in the Harbor District
Protocol; and
b. Coast’s Cultural Resources POC.
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5. Upon learning about a discovery, the
District’s POC shall be responsible for
immediately contacting by telephone the
POCs listed below to initiate the
consultation process for its treatment and
disposition:
a. THPOs with Blue Lake Rancheria,
Bear River Band and Wiyot Tribe; and
b. Other applicable agencies involved in
Project permitting (e.g., U.S. Army
Corps of Engineers [USACE],
California Coastal Commission, etc.).
6. In cases where a known or suspected
Native American burial or human remains
are uncovered, the Humboldt County
Coroner (707-445-7242) shall also be
notified immediately, along with the
property owner of the discovery site. In
addition, Mitigation Measure CR-3 shall be
followed.
7. Ground-disturbing Project work at the find
locality shall be suspended temporarily
while the District, the three THPOs, a
consulting archaeologist and other
applicable parties consult about appropriate
treatment and disposition of the find.
Ideally, a Treatment Plan will be developed
within three working days of discovery
notification. Where the Project can be
modified to avoid disturbing the find (e.g.,
through project redesign), this may be the
preferred option. Should human remains be
encountered, the provisions of State laws
shall apply and Mitigation Measure CR-3
followed. The Treatment Plan shall
reference appropriate laws and include
provisions for analyses, reporting, and final
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8.

9.

10.
11.

12.
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disposition of data recovery documentation
and any collected artifacts or other
archaeological constituents. Ideally, the field
phase of the Treatment Plan may be
accomplished within five (5) days after its
approval, however, circumstances may
require longer periods for data recovery.
Any and all inadvertent discoveries shall be
considered strictly confidential, with
information about their location and nature
being disclosed only to those with a need to
know. The District’s authorized
representative shall be responsible for
coordinating any requests by or contacts to
the media about a discovery.
These Mitigation Measures shall be
communicated to Coast’s field work force
(including contractors, employees, officers
and agents) and such communications may
be made and documented at safety
briefings.
Ground-disturbing work at a discovery
locale may not be resumed until authorized
in writing by the District.
The plant manager or party who made the
discovery and initiated these protocols, shall
make written notes available to the Harbor
District describing: the circumstances, date,
time, location and nature of the discovery;
date and time each POC was informed
about the discovery; and when and how
security measures were implemented.
The plant manager, Cultural Resources
POC or party who made the discovery shall
record how the discovery downtime
affected the Project work schedule.
Humboldt Bay Harbor District
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13. Treatment Plans and corresponding Data
Recovery Reports shall be authored by
professionals who meet the Federal criteria
for Principal Investigator Archaeologist and
reference the Secretary of the Interior’s
Standards and Guidelines for Archaeological
Documentation (48 Fed. Reg. 44734-44737).
14. Final disposition of all collected
archaeological materials shall be
documented in a final Data Recovery report
and its disposition decided in consultation
with Tribal representatives.
15. Final Data Recovery Reports, along with
updated confidential, standard California
site record forms (DPR 523 series) shall be
filed at the Northwest Information Center
of the California Historical Resources
Information System and the Harbor
District, with report copies provided to the
three identified THPOs.
MITIGATION CR-3: In the event of
inadvertent discovery of human remains or
Native American grave goods during grounddisturbing activities, work at the discovery
locale shall be halted immediately, the Harbor
District and County Coroner contacted, and,
consistent with State law, the following
protocol followed (in addition to the protocol
described under Mitigation Measure CR-2).
1. If human remains are encountered, they
shall be treated with dignity and respect.
Discovery of Native American remains is a
very sensitive issue and serious concern of
affiliated Native Americans. Information
about such a discovery shall be held in
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confidence by all Project personnel on a
need-to-know basis. The rights of Native
Americans to practice ceremonial
observances on sites, in labs and around
artifacts shall be upheld.
2. Violators of Section 7050.5 of the
California Health and Safety Code may be
subject to prosecution to the full extent of
applicable law (felony offense).
In addition, the provisions of California law
(Section 7050.5 of the California Health and
Safety Code and Section 5097.98 of the
California Public Resources Code) will be
followed:
1. The Coroner has two working days to
examine the remains after being notified of
the discovery. If the remains are Native
American, the Coroner has 24 hours to
notify the NAHC in Sacramento at (916)
653-4082.
2. The NAHC is responsible for identifying
and immediately notifying the most likely
descendant (MLD) of the deceased Native
American. (Note: NAHC policy holds that
the Native American Monitor will not be
designated the MLD.)
3. Within 48 hours of their notification by the
NAHC, the MLD will be granted
permission by the property owner of the
discovery locale to inspect the discovery site
if they so choose.
4. Within 48 hours of their notification by the
NAHC, the MLD may recommend to the
owner of the property (discovery site) the
means for treating or disposing, with
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appropriate dignity, the human remains and
any associated grave goods. The
recommendation may include the scientific
removal and non-destructive or destructive
analysis of human remains and items
associated with Native American burials.
Only those osteological analyses (if any)
recommended by the MLD may be
considered and carried out.
Whenever the NAHC is unable to identify a
MLD, or the MLD identified fails to make a
recommendation, or the property owner rejects
the recommendation of the MLD and
mediation between the parties by NAHC fails
to provide measures acceptable to the property
owner, he/she shall cause the re-burial of the
human remains and associated grave offerings
with appropriate dignity on the property in a
location not subject to further subsurface
disturbance.
MITIGATION BIO-1 would apply.

IMPACT CR-2: Impacts to CONSERVATION BIO-1
eelgrass as a tribal cultural through CONSERVATION
landscape.
BIO-8 would apply (see
below).

Potentially
significant
without
mitigation.

IMPACT CR-3: Impacts to CONSERVATION BIO-9
other species with cultural through BIO-12 would apply
significance.
(see below).

Potentially
Significant
without
mitigation.
Less than
significant.

MITIGATION BIO-2 through BIO-4 would
apply (see below).

Less than
significant.

None proposed.

Less than
significant.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-1: Impacts
associated with overwater
structures.

None proposed.

IMPACT BIO-2: Amount
of gear to be installed and

CONSERVATION BIO-1:
Coast will not cause the

Coast Seafoods Company
Recirculated Draft EIR
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changes to unstructured
habitat from the addition
of shellfish aquaculture
gear.

IMPACT BIO-3 Eelgrass
density reduction analysis.

intentional deposition of shells
or any other material on the
seafloor.
CONSERVATION BIO-3:
Monthly and post-storm
inspection of aquaculture plots
will occur to ensure that gear
is properly maintained.
CONSERVATION BIO-2:
Longline spacing for new
shellfish culture plots would
occur at 10-ft intervals for
cultch-on-longline and
alternating 9-ft and 16-ft
intervals for basket-onlongline.

Potentially
significant
without
mitigation.

MITIGATION BIO-1: Existing culture
longline spacing conversion and eelgrass
recovery. Coast will convert 100 acres of its
existing culture footprint from 2.5-ft spaced,
single-hung cultch-on-longline to 10-ft spaced
double-hung cultch-on-longline.

Less than
significant.

CONSERVATION BIO-4:
Rack-and-bag culture plots
would not be planted within
25 ft of an existing eelgrass
bed.
CONSERVATION BIO-5:
No anchoring of the longline
harvester would be done so as
to shade the same area of
eelgrass for a period exceeding
12 hours.
CONSERVATION BIO-6:
Larger work boats would be
Coast Seafoods Company
Recirculated Draft EIR
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anchored in the channel
outside of eelgrass beds and
smaller skiffs would be used to
access longlines where eelgrass
is present when the area is
inundated.
CONSERVATION BIO-7:
Boats will be operated in such
a way as to minimize the
degree of sediment
mobilization and avoid
propeller scarring in areas of
eelgrass.
CONSERVATION BIO-8:
No dredging, hydraulic
harvesting, “bed cleaning,” or
any other activities with a
hydraulic harvester would
occur.
IMPACT BIO-4: Potential
trampling of eelgrass
related to access and
activities during shellfish
aquaculture operations.

CONSERVATION BIO-4:
Rack-and-bag culture plots
would not be planted within
25 ft of an existing eelgrass
bed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-5: Potential
to contribute to habitat
fragmentation by placing
oyster longline aquaculture
within patchy and

CONSERVATION BIO-5:
No anchoring of the longline
harvester would be done so as
to shade the same area of

Less than
significant.

None proposed.

Less than
significant.

Coast Seafoods Company
Recirculated Draft EIR
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continuous eelgrass beds
and boat use.

eelgrass for a period exceeding
12 hours.
CONSERVATION BIO-6:
Larger work boats would be
anchored in the channel
outside of eelgrass beds and
smaller skiffs would be used to
access longlines where eelgrass
is present when the area is
inundated.
CONSERVATION BIO-7:
Boats will be operated in such
a way as to minimize the
degree of sediment
mobilization and avoid
propeller scarring in areas of
eelgrass.

IMPACT BIO-6: The
potential to affect the
development of floating
eelgrass rafts and wrack
within intertidal habitat of
North Bay.

Coast Seafoods Company
Recirculated Draft EIR

CONSERVATION BIO-8:
No dredging, hydraulic
harvesting, “bed cleaning,” or
any other activities with a
hydraulic harvester would
occur.
CONSERVATION BIO-2:
Longline spacing for new
shellfish culture plots would
occur at 10-ft intervals for
cultch-on-longline and
alternating 9-ft and 16-ft

Less than
significant.
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intervals for basket-onlongline.
IMPACT BIO-7: The
potential to change
sediment distribution and
tidal circulation.

CONSERVATION BIO-7:
Boats will be operated in such
a way as to minimize the
degree of sediment
mobilization and avoid
propeller scarring in areas of
eelgrass.

Less than
significant.

None proposed.

Less than
significant.

CONSERVATION BIO-8:
No dredging, hydraulic
harvesting, “bed cleaning,” or
any other activities with a
hydraulic harvester would
occur.
IMPACT BIO-8: The
potential to change water
column nutrients and
turbidity conditions within
intertidal habitat of North
Bay.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-9: The
potential to exceed
carrying capacity in
Humboldt Bay.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-10: The
potential to change the
presence and persistence

CONSERVATION HAZ-1,
HAZ-2, and HAZ-3 would
apply (see below).

Less than
significant.

None proposed.

Less than
significant.

Coast Seafoods Company
Recirculated Draft EIR
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of contaminants within
North Bay.
IMPACT BIO-11: The
potential to change
sediment quality
underneath shellfish
aquaculture gear due to
biodeposits from filterfeeding organisms.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-12: The
None proposed.
potential to change benthic
invertebrate species
composition through the
addition of nutrients to the
sediment or adding
structure.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-13: The
None proposed.
potential to change benthic
species composition
through trampling during
site access for shellfish
aquaculture activities (e.g.,
planting, harvesting, and
maintenance).

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-14: The
potential to introduce nonindigenous species (NIS)
to Humboldt Bay from

Less than
significant.

None proposed.

Less than
significant.

Coast Seafoods Company
Recirculated Draft EIR

CONSERVATION BIO-1:
Coast will not cause the
intentional deposition of shells
or any other material on the
seafloor.

None proposed.
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commercial shellfish
aquaculture operations.
IMPACT BIO-15: The
potential to naturalize
cultured oysters (that are
NIS) into Humboldt Bay.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-16:
Potential impacts to
Dungeness crab from the
expansion of oyster
aquaculture in Humboldt
Bay.

Conservation Measure BIO-2:
Longline spacing for new
shellfish culture plots would
occur at 10-ft intervals for
cultch-on-longline and
alternative 9-ftand 16-ft
intervals for basket-onlongline.

Less than
significant.

None proposed.

Less than
significant.

Less than
significant.

None proposed.

Less than
significant.

CONSERVATION BIO-3:
Monthly and post-storm
inspection of aquaculture plots
will occur to ensure that gear
is properly maintained.

IMPACT BIO-17:
Potential impacts to
Pacific lamprey from the
expansion of oyster
aquaculture in Humboldt
Bay.

Coast Seafoods Company
Recirculated Draft EIR

CONSERVATION BIO-9:
New shellfish culture plots will
not be planted within 10 ft of
a subtidal channel.
None proposed.
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IMPACT BIO-18:
Potential impacts to
sturgeon from the
expansion of oyster
aquaculture in Humboldt
Bay.

IMPACT BIO-19:
Potential impacts to
salmonids from the
expansion of oyster
aquaculture in Humboldt
Bay.

IMPACT BIO-20:
Potential impacts to
longfin smelt from the
expansion of oyster
aquaculture in Humboldt
Bay.

Coast Seafoods Company
Recirculated Draft EIR

Conservation Measure BIO-2:
Longline spacing for new
shellfish culture plots would
occur at 10-ft intervals for
cultch-on-longline and
alternative 9-ftand 16-ft
intervals for basket-onlongline.
CONSERVATION BIO-9:
New shellfish culture plots will
not be planted within 10 ft of
a subtidal channel.
Conservation Measure BIO-2:
Longline spacing for new
shellfish culture plots would
occur at 10-ft intervals for
cultch-on-longline and
alternative 9-ftand 16-ft
intervals for basket-onlongline.
CONSERVATION BIO-9:
New shellfish culture plots will
not be planted within 10 ft of
a subtidal channel.
None proposed.

Less than
significant.

None proposed.

Less than
significant.

Less than
significant.

None proposed.

Less than
significant.

Less than
significant.

None proposed.

Less than
significant.
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IMPACT BIO-21:
Potential impacts to
Pacific herring from the
expansion of oyster
aquaculture in Humboldt
Bay.

None proposed.

Potentially
significant.

MITIGATION BIO-2: Herring egg
monitoring and consultation with CDFW.
Coast will ensure that all employees who
supervise work on the tidelands are trained by a
qualified biologist to conduct pre-work herring
spawn surveys. During the months of
December through March, trained Coast
employees will perform a pre-work herring
spawn survey at each location where work is
scheduled to take place to determine whether
herring have spawned on eelgrass, culture
materials, or substrate. If herring spawn is
observed, Coast will: (1) notify the CDFW’s
Eureka Marine Region office within 24 hours,
and (2) postpone activities on those beds until
all eggs have hatched. In addition, Coast will
work with CDFW during spawning surveys to
sample within culture gear and identify whether
herring are spawning in the longlines.

Less than
significant.

IMPACT BIO-22:
Potential impacts to
groundfish from the
expansion of oyster
aquaculture in Humboldt
Bay.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-23:
Potential impacts to
marine mammals from the
expansion of oyster

CONSERVATION BIO-9:
New shellfish culture plots will
not be planted within 10-ft of
a subtidal channel.

Potentially
significant.

MITIGATION BIO-3: No activity involving
human disturbance will occur within 100 m of
the area of Sand Island that is above mean
higher high water to avoid the harbor seal haulout location and nesting birds on Sand Island.

Less than
significant.

Coast Seafoods Company
Recirculated Draft EIR
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aquaculture in Humboldt
Bay.

CONSERVATION BIO-10:
Coast will not conduct any
activity when a marine
mammal is observed hauled
out in or near a culture area
ready for planting, scheduled
maintenance, or harvesting
until the mammal has left on
its own and without
provocation from Coast.
CONSERVATION BIO-11:
Coast will not intentionally
approach or harass marine
mammals during vessel
transits.

IMPACT BIO-24:
Potential impacts to
special status bird species
from the expansion of
oyster aquaculture in
Humboldt Bay.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-25:
Potential impacts to black
brant foraging from the
expansion of oyster
aquaculture in Humboldt
Bay.

CONSERVATION BIO-12:
Coast will not intentionally
approach or harass migratory
birds that are actively feeding
or resting within the project
area.

Potentially
significant.

MITIGATION BIO-1: Existing culture
longline spacing conversion and eelgrass
recovery. Coast will convert 100 acres of its
existing culture footprint from 2.5-ft spaced,
single-hung cultch-on-longline to 10-ft spaced,
double-hung cultch-on-longline.

Less than
significant.

MITIGATION BIO-4: Impact on eelgrass
availability to black brant. If monitoring data
Coast Seafoods Company
Recirculated Draft EIR
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demonstrate that eelgrass impacts are above the
Project’s adaptive management thresholds and
additional mitigation is implemented, the
mitigation provided eelgrass must be available
to black brant.
IMPACT BIO-26:
Potential impacts to black
brant associated with
human disturbance from
the expansion of oyster
aquaculture in Humboldt
Bay.

CONSERVATION BIO-12:
Coast will not intentionally
approach or harass migratory
birds that are actively feeding
or resting within the project
area.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-27:
Potential impacts to black
brant associated with loss
of grit sites from the
expansion of oyster
aquaculture in Humboldt
Bay.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-28:
Potential impacts to
roosting birds from the
expansion of oyster
aquaculture in Humboldt
Bay.

CONSERVATION BIO-12:
Coast will not intentionally
approach or harass migratory
birds that are actively feeding
or resting within the project
area.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-29:
Potential impacts to
nesting birds from the
expansion of oyster

None proposed.

Potentially
significant.

MITIGATION BIO-3: No activity involving
human disturbance will occur within 100 m of
the area of Sand Island that is above mean

Less than
significant.

Coast Seafoods Company
Recirculated Draft EIR
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aquaculture in Humboldt
Bay.

higher high water to avoid the harbor seal haulout location and nesting birds on Sand Island.

IMPACT BIO-30:
Potential impacts to birds
from artificial lighting.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-31:
Potential impacts to birds
from human disturbance.

CONSERVATION BIO-12:
Coast will not intentionally
approach or harass migratory
birds that are actively feeding
or resting within the project
area.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-32:
Potential impacts to
waterfowl foraging from
the expansion of oyster
aquaculture in Humboldt
Bay.

CONSERVATION BIO-12:
Coast will not intentionally
approach or harass migratory
birds that are actively feeding
or resting within the project
area.

Less than
significant.

None proposed.

Less than
significant.

IMPACT BIO-33:
Potential impacts to
shorebird foraging from
the expansion of oyster
aquaculture in Humboldt
Bay.

CONSERVATION BIO-9:
New shellfish culture plots will
not be planted within 10 ft of
a subtidal channel.

Less than
significant.

None proposed.

Less than
significant.

Coast Seafoods Company
Recirculated Draft EIR

CONSERVATION BIO-12:
Coast will not intentionally
approach or harass migratory
birds that are actively feeding
or resting within the project
area.
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IMPACT AV-1 Effect on
scenic vistas and visual
character from worker and
vessel presence.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT AV-2 Effect on
scenic vistas and visual
character from shellfish
culture equipment
presence.

CONSERVATION AV-1:
Reflective materials such as
shiny metals will not be used.

Less than
significant.

None proposed.

Less than
significant.

IMPACT AV-3 Effects of
glare and artificial lighting.

CONSERVATION AV-1:
Reflective materials such as
shiny metals will not be used.

Less than
significant.

None proposed.

Less than
significant.

IMPACT AQ-1:
Contribution to PM10
levels.

None proposed.

Potentially
Significant.

MITIGATION AQ-1: Coast shall comply with
the requirements of all adopted air quality
plans, including plans covering particulate
emissions, and shall implement all actions
required by the AQMD for Coast’s mariculture
operations.

Less than
significant.

IMPACT GHG-1:
Generation of GHGs.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT GHG-2:
Conflict with an applicable
plan, policy, or regulation
adopted for the purpose of
reducing the emissions of
GHGs.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT WQ-1: Water
Quality.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

Coast Seafoods Company
Recirculated Draft EIR
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IMPACT WQ-2:
Sedimentation.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT HAZ-1: Hazard
to people or the
environment through the
routine transport, use,
emission, or release of
hazardous materials.

CONSERVATION HAZ-1:
Coast will not discharge any
feed, pesticides, or chemicals
(including antibiotics and
hormones) into Humboldt
Bay waters.

Less than
significant.

None proposed.

Less than
significant.

Potentially
significant.

MITIGATION HAZ-1: Following storm or
adverse weather events, Coast will patrol
mariculture areas for escaped or damaged
mariculture equipment, promptly retrieve any
equipment encountered and, if it cannot be

Less than
significant

CONSERVATION HAZ-2:
Coast will implement an
equipment maintenance
program for all vessels used in
mariculture activities in order
to limit the likelihood of
release of fuels, lubricants,
paints, solvents, or other
potentially toxic materials
associated with vessels as a
result of accident, upset, or
other unplanned events.

IMPACT HAZ-2: Hazard
from the abandonment or
loss of marine debris.

Coast Seafoods Company
Recirculated Draft EIR

CONSERVATION HAZ-3:
Coast will continue to fuel
boats at commercial fuel dock
facilities, carry oil spill
absorption pads and seal wash
decks or isolate fuel areas
prior to fueling so as to
prevent contaminants from
entering the water.
None identified.
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repaired and placed back into service, properly
dispose of the escaped equipment on land. In
addition, Coast will retrieve or repair any
escaped or damaged mariculture equipment
that it encounters while conducting routine
daily and/or monthly maintenance activities
associated with shellfish culture (e.g. bed
inspections, shellfish grading and sorting). If
the escaped gear cannot be repaired and
replaced on the shellfish bed, it will be properly
disposed of on land.
MITIGATION HAZ-2: Within 30 days of
harvest on any area that is being discontinued
or taken out of production for one year or
more, Coast will remove all shellfish culture
apparatus from the area, including but not
limited to, stakes, racks, baskets, and pallets.
MITIGATION HAZ-3: Coast will implement
annual employee training regarding marine
debris issues and how to identify loose culture
gear and proper gear repair and removal
methods.
MITIGATION HAZ-4: Coast will conduct
quarterly bay cleanups in coordination with
other interested parties or organizations, which
will include walking portions of the bay and
shorelines to pick up escaped shellfish gear and
other trash (regardless of whether it is
generated by the Project). The volume of
shellfish gear collected shall be recorded.
MITIGATION HAZ-5: Coast will not leave
tools, loose gear, or construction materials on
its owned and leased tidelands or surrounding
Coast Seafoods Company
Recirculated Draft EIR
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IMPACT HAZ-3: Health
None proposed.
hazard from
bioaccumulation of dioxins
in shellfish meat.

Less than
significant.

IMPACT REC-1: Effects
on recreational facilities.
IMPACT REC-2: Effects
on recreational users of the
bay.

Less than
significant.
Less than
significant.

None proposed.
CONSERVATION REC-1:
Coast shall avoid operations in
the mapped are of the EBMA
from midnight until sunset on
days designated by CDFW as
brant hunting days, including
season opening and closing
days (typically brant hunting is
limited to Wednesdays,
Saturdays, and Sundays
between November 15 and
December 15). This
conservation measure shall not
apply in the case of emergency
conditions or other
operations, such as marine
debris removal, required by
Coast to comply with other
conditions of approval or
mitigation measures, or ensure
the safety of its operations.

areas for longer than one tide cycle. All gear
installed in the Project area will be kept neat
and secure.
None proposed.

None proposed.
None proposed.

Less than
significant.

Less than
significant.
Less than
significant.

CONSERVATION REC-2:
By December 1 of each year,
Coast Seafoods Company
Recirculated Draft EIR
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Coast will submit a current
bed map to the Harbor
District for posting on the
Harbor District’s website;
Coast will also post the
current bed map on its
website. The map will describe
the locations of all of Coast’s
subtidal and intertidal culture
in North Bay. Coast will
provide electronic copies of
the bed map upon request.
IMPACT NOISE-1:
Generation of noise levels
in excess of established
standards.

None proposed.

Less than
significant.

None proposed.

Less than
significant.

IMPACT TRANS-1:
Effects of intertidal culture
operations and equipment
on watercraft (e.g. boats,
kayaks) navigation.

CONSERVATION REC-1
and REC-2 would also apply
to this impact.

Less than
significant.

None proposed.

Less than
significant.

Coast Seafoods Company
Recirculated Draft EIR
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Section 2.0 Introduction to Recirculated DEIR
2.1 Purpose of Environmental Impact Report
CEQA requires that all state and local government agencies consider the environmental consequences
of projects over which they have discretionary authority prior to taking action on those projects.
Approval of the Project is a discretionary action by the Harbor District. Pursuant to CEQA Section
21067, the lead agency means “the public agency which has the principal responsibility for carrying
out or approving a project which may have a significant effect upon the environment.” As the first
public agency to act on the Project, the Harbor District is the lead agency for the Project and has the
responsibility for determining the method of CEQA compliance, preparing and certifying an EIR that
describes potential environmental impacts of the revised project, and adopting a Mitigation
Monitoring Plan to ensure that all required mitigation measures are implemented during the course of
the Project.
The intent of this R-DEIR is to provide the Harbor District with sufficient information on the
potential environmental impacts of the Project to allow the District to make an informed decision
regarding approval of the Project. Specific discretionary actions to be reviewed by the District and
potential project permits and approvals required from other regulatory agencies are described in
Section 4.6, Project Approvals.

2.2 October 2015 DEIR & Subsequent Project Revisions
The Harbor District circulated a DEIR for the Project on October 26, 2015. During the 45-day public
comment period, the Harbor District received a total of 54 public comments from Federal, State and
local agencies, environmental nonprofits, scientists and concerned individuals. In response to
comments, and in coordination with regulatory agencies, Coast developed a new Preferred Alternative
and substantially revised the analysis of impacts to eelgrass and other biological resources. Key changes
include phased Project implementation, adoption of a “no net loss” standard as the threshold of
significance for eelgrass impacts, use of adaptive management and commitment to in-kind,
compensatory mitigation. The new Preferred Alternative includes a substantially reduced footprint in
continuous eelgrass and a pull-back from the EBMA and prime herring spawn locations. Project
Alternatives 1 and 2 were also revised to include 10-ft spacing of longlines and to minimize the
footprints of those Alternatives in continuous eelgrass and in the EBMA. In addition, the R-DEIR
presents a new analysis of the Project’s potential impacts on Tribal Cultural Resources.
Because of the substantial revisions to the Project, Project alternatives, and the resulting analysis of
impacts, the Harbor District is recirculating the DEIR in its entirety for public review. Consistent with
CEQA Guidelines § 15088.5(f)(1), the Harbor District thus advises reviewers that while previous
comments will remain part of the administrative record, they do not require a written response in the
Final EIR. New comments must be submitted on this R-DEIR for response and consideration in the
Final EIR. A roadmap to the revisions made in this R-DEIR is provided in Section 1.0, Executive
Summary.

Coast Seafoods Company
Recirculated Draft EIR
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2.3 Notice of Preparation and Initial Study
A Draft IS was previously prepared for the Project and was distributed for review and comment on
January 23, 2015. A Scoping Meeting was conducted on February 17, 2015. Based on the Draft IS and
comments received, it was determined that an EIR would be prepared. A Final IS was prepared that
(1) identified the effects determined not to be significant and therefore screened from further review
in the EIR, and (2) identified potentially significant impacts that were further analyzed in the DEIR
and are further analyzed in this R-DEIR. Together with an NOP, the Final IS was filed with the
California Office of Planning and Research on August 20, 2015 and distributed to interested public
agencies, organizations, and individuals for a 30-day public review period. The Final IS & NOP are
included as Appendix A of this R-DEIR.
Twenty-five agencies/persons responded in writing to the Draft IS. 1 Copies of the written comments
received during the public review period, which extended from January 23 to February 23, 2015, are
contained in Appendix B (see Table 2.1). Eight agencies/persons responded in writing to the Final IS
& NOP. 2 Copies of the written comments received during the public review period, which extended
from August 21 through September 21, 2015, are also contained in Appendix B (see Table 2.1). This
EIR has taken into consideration the comments received from the various commenters in response
to the Draft IS and Final IS & NOP. Table 2.1 summarizes the issues identified by the commenting
agencies and provides a reference to the section of the R-DEIR where the issues are addressed.

This represents the number of individual entities commenting; in some cases, comment letters received were signed by
more than one commenter. One comment letter contains what appear to be electronic signatures of hundreds of
individuals; this letter is counted as one comment.
2 See Footnote 1.
1

Coast Seafoods Company
Recirculated Draft EIR
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person
California Coastal
Commission

Comment Type
General, Biological
Resources, Visual
Resources

Coast Seafoods Company
Recirculated Draft EIR

Comment Summary
Comments on Draft IS
General:
• Stated that the Project may have significant effects on the
environment and requested preparation of an EIR.
• Recommended that the District consider convening a Joint Review
Panel of relevant “responsible agencies.”

Issue Addressed in:
Section 1.0, Executive
Summary; Section 2.0,
Introduction

Biological Resources:
• Stated that 2.5 ft to 3 ft spacing of shellfish longlines would not
prevent adverse impacts to eelgrass.
• Stated that the EIR should include a more accurate and sciencebased analysis of potential eelgrass impacts, including avoidance and
minimization efforts, and mitigation.
• Stated that proposed BMP-9, pre-work visual surveying for herring
spawn, was ineffective.
• Stated that the effectiveness of BMP-9 should be evaluated and
requested consideration of adaptations or modifications to ensure
minimization of impacts.
• Stated that the EIR should include a thorough discussion of longfin
smelt.
• Stated that the EIR should include discussion of quantity and
species composition of biofouling organisms, including discussion
of potential release into the environment.

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project;
Section 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures); Appendices D,
E, F, H

Hazards/Hazardous Substances
• Stated that EIR should include analysis and discussion of potential
adverse environmental impacts associated with marine debris.

Section 6.10, Hazards and
Hazardous Materials

Visual Resources:
• Stated that the EIR should include a figure indicating the number
and location of scenic vista points.

Section 6.6, Aesthetic and
Visual Resources
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person
Humboldt Baykeeper;
Northcoast
Environmental Center;
Ecological Rights
Foundation

Comment Type

Biological Resources,
Recreation, Aesthetics,
Hazards and
Hazardous Materials,
Cumulative Effects,
Alternatives

Comment Summary
• Stated that the EIR should include visual simulations of the Project
sites from the nearest vista points.
General:
• Stated that avoidance and minimization should be analyzed.

Section 5.0, Project
Alternatives

Biological Resources:
• Stated that eelgrass impacts vary with culture method.
• Stated that key herring spawning sites should be avoided.
• Stated that the East Bay Management Area should be avoided
consistent with Special Condition 2 of Coast’s existing CDP.
• Stated that shorebird foraging habitat may be reduced and that the
Draft IS does not contemplate mitigation for species likely affected.
• Stated that the Draft IS’s discussion of black brant impacts is
speculative and that the impacts conclusion was not justified.
• Stated that potential impacts to nesting birds should be addressed
and mitigation included if appropriate.
• Stated that seal haulout areas should be identified and avoided and
that direct and indirect impacts should be considered.
• Stated that impacts to benthic organisms from trampling should be
addressed.

Section 5.0, Project
Alternatives; Section 6.5,
Biological Resources,
(6.5.4, Effects Analysis of
Project; 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures); Appendices D,
E, F, H

Mitigation:
• Stated that it is unclear how the Project is consistent with the 2007
mitigation measure reducing cultivation to 300 acres.
• Stated that relying on monitoring and adaptive management
constitutes delayed mitigation.

Section 6.5, Biological
Resources (6.5.5,
Conservation Measures,
6.5.7, Mitigation
Measures); Appendices D,
H

Recreation:
• Stated that impacts to water-based recreation should be assessed
and avoided.

Coast Seafoods Company
Recirculated Draft EIR

Issue Addressed in:
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Section 6.11, Recreation

Humboldt Bay Harbor District
July 2016

Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Comment Type

Comment Summary

Issue Addressed in:

Aesthetics:
• Stated that visual impacts from scenic coastal areas should be more
thoroughly assessed to include reflections.
• Stated that special attention should be given to designated scenic
areas.

Section 6.6, Aesthetic and
Visual Resources

Hazards:
• Stated that loss of plastic gear and debris should be addressed.
• Stated that potential dioxin contamination should be discussed.

Section 6.10, Hazards and
Hazardous Materials

Cumulative Impacts:
• Stated that cumulative impacts should be addressed.

California Department
of Fish and Wildlife

General, Biological
Resources, Carrying
Capacity Analysis,
Mitigation, Cumulative
Impacts.

Coast Seafoods Company
Recirculated Draft EIR

Section 7.0, Cumulative
Impacts

Alternatives:
• Stated that the use of higher sites without eelgrass should be
analyzed.
• Stated that a smaller footprint alternative should be analyzed.
General:
• Stated that there are potentially significant impacts to public trust
resources.
• Recommended that an EIR be prepared.

Section 5.0, Project
Alternatives

Biological Resources:
• Stated that the proposal should be revised to avoid impacts to
eelgrass and mudflat habitats.
• Stated that significant impacts to eelgrass habitats from longlines
have been noted in the Bay.
• Stated that 1.5 ft, 2.5 ft and 5 ft spacing of longlines has been
shown to cause moderate to significant eelgrass impacts.
• Stated that the project should include a 10-ft buffer between
eelgrass and expansion areas.

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures); Appendices D,
E, F, G, H
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Section 2.0, Introduction

Humboldt Bay Harbor District
July 2016

Commenting
Agency/Person

Coast Seafoods Company
Recirculated Draft EIR

Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.
Comment Type

Comment Summary

Issue Addressed in:

• Stated that oyster aquaculture has been specifically noted to have
negative impacts on eelgrass and black brant.
• Stated that human disturbance related to aquaculture could impact
brant.
• Stated that the Project would impact 24% of all habitats in North
Bay between -0.5m and +0.5m.
• Stated that eelgrass habitat impacts likely constitute a significant
impact to brant.
• Stated that the impacts to shorebirds from disturbance and habitat
loss may be significant.
• Stated that potential impacts to eelgrass in the East Bay
Management Area could significantly impact herring spawning.
• Stated that there is uncertainty about survival of herring spawn on
aquaculture gear.
• Stated that there could be a significant impact to longfin smelt
through food shortage.
• Stated that nighttime lighting could impact shorebirds.
Carrying Capacity Analysis:
• Stated that the Carrying Capacity analysis suggests that the
proposed increase in shellfish culture could reduce available food
resources.
• Stated that the Carrying Capacity Analysis should be re-run using
different values.

Appendix G

Mitigation:
• Stated that the mitigation measures proposed in the Final IS were
inadequate.
• Stated that areas part of previous mitigation measures should be
avoided.
• Stated that oyster farming is an identified conservation issue in
Humboldt Bay.

Section 6.5, Biological
Resources (6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures)
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Oceana; Audubon
California;
Earthjustice; Redwood
Region Audubon
Society

Comment Type

Comment Summary

Issue Addressed in:

• Stated that mitigation measures should be developed for potential
shorebird impacts.

General, Biological
Resources, Mitigation
and Monitoring,
Cumulative Impacts

Coast Seafoods Company
Recirculated Draft EIR

Cumulative Impacts:
• Stated that the assessment of cumulative impacts was not sufficient.
• Stated that future CEQA documents should include shore-based
expansion and expansion by the Harbor District.

Section 7.0, Cumulative
Impacts

General:
• Stated that a full EIR should be prepared.
• Stated that a marine spatial planning framework should be used.
• Stated that the Project would have significant, unavoidable adverse
impacts on the environment.

Section 2.0, Introduction

Biological Resources:
• Stated that it disagreed with the Draft IS’s conclusions regarding
eelgrass impacts.
• Stated that eelgrass density is reduced in areas with aquaculture.
• Stated that the Project would have significant impacts on eelgrass.
• Stated that there was insufficient support for the proposed longline
spacing regime.
• Stated that Rumrill and Poulton (2004) was not peer reviewed and
contained errors in experimental design.
• Stated that the Project would overlap with known herring spawning
sites.
• Stated that artificial surfaces provide a lower quality of herring
spawning sites.
• Stated that herring holding and spawning would be impacted by
human disturbance.
• Stated that herring would be significantly impacted through impacts
to eelgrass.

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures); Appendices D,
E, F, G, H
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Comment Type

Comment Summary
• Stated that the Project would reduce salmonid food sources,
including herring.
• Stated that a reduction in herring would impact fish and wildlife
dependent on herring for food.
• Stated that there was a lack of evidence to support brant habituation
to culture activities.
• Stated that reliance on the Pacific Brant Management Plan would
not avoid impacts to brant.
• Stated that reducing winter food availability has the potential to
decrease the size of the Pacific brant population.
• Stated that the project may have significant impacts on threatened
and endangered species and that individual and cumulative effects
on these species should be analyzed.
Mitigation and Monitoring
• Stated that the monitoring proposed in the Draft IS fails to
implement the CEMP.
• Stated that there was no explanation to explain how expanding
beyond the 300-acre footprint was not a significant impact.

North Coast Regional
Water Quality Control
Board (RWQCB)

Issue Addressed in:

Regulatory Approvals,
Biological Resources

Cumulative Impacts:
• Stated that the Project’s impacts and impacts from the proposed
Harbor District project were cumulatively considerable.
Regulatory Approvals:
• Stated that the RWQCB should be identified as an agency whose
approval is required.
• Stated that stakes, posts, and other equipment placed into the
sediment is a “fill” and requires review by the RWQCB.
• Stated that regulatory approvals may include a Section 401 Water
Quality Certification.

Section 7.0, Cumulative
Impacts
Section 4.0, Project
Description

Section 6.5, Biological
Resources (6.5.4, Effects

Biological Resources:
Coast Seafoods Company
Recirculated Draft EIR

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures); Appendices D,
H
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

National Marine
Fisheries Service;
CAPES Program,
National Ocean
Service

Comment Type

General, Project
Description, Biological
Resources, Monitoring
Plan, Mitigation
Measures, Aquacultural
Carrying Capacity
Analysis.

Comment Summary
• Stated that the addition of 1.03 acres of benthic footprint may
impact benthic functions and necessitate mitigation.
• Stated that it disagreed that the Project would have less than
significant impacts without mitigation.
General:
• Stated that characterization of the CEMP should be clarified.
Project Description
• Stated that additional information on Coast’s existing culture
operations should be included.
• Stated that additional information on benthic footprint, stocking
rate and other metrics should be provided for the Project.
• Stated that the maximum number of rack-and-bag structures should
be identified.
• Stated that more detailed bed information should be included.
• Stated that biomass estimates for the expansion area should be
clarified.
Biological Resources:
• Stated that existing eelgrass habitat should be characterized and
Project effects evaluated regardless of the eelgrass bed’s
classification.
• Stated that the conclusion that eelgrass is at carrying capacity should
be explained.
• Stated that a description of aquaculture, disease, and non-native
Japanese eelgrass effect on eelgrass should be included.
• Stated that conclusions regarding longline spacing and potential
eelgrass impacts should be clarified.
• Stated that additional information about ecosystem function and
value of eelgrass and shellfish aquaculture habitat should be
provided.

Coast Seafoods Company
Recirculated Draft EIR
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Issue Addressed in:
Analysis of Project; 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures)
Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendices D, H
Section 4.0, Project
Description

Section 6.5, Biological
Resources, (6.5.4, Effects
Analysis of Project, 6.5.5,
Conservation Measures,
6.5.7, Mitigation
Measures); Appendices D,
E, F, G, H

Humboldt Bay Harbor District
July 2016

Commenting
Agency/Person

Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.
Comment Type

Comment Summary
• Stated that additional information should be provided regarding
eelgrass impacts.
• Stated that the discussion of effects should include physical
processes.
• Stated that the effects analysis should be evaluated at several spatial
scales.
• Stated that the area under the nursery pallets should be considered
when discussing benthic impacts.
• Stated that aquaculture structures in the intertidal area should be
considered in the effects analysis for fish, including for rearing,
passage, and feeding.
• Stated that the discussion of potential impacts to prey species
should be expanded.
Monitoring Plan:
• Stated that the CEMP guidelines should be considered in
establishing an adaptive management and monitoring approach.
Mitigation Measures:
• Stated that the source of marine mammal protocols should be
identified as well as seal haulout and pupping locations.
Carrying Capacity Analysis:
• Stated that use of the Gibbs model would be strengthened by
providing additional support for the model’s sustainability
indicators.
• Stated that the analysis should be expanded to use the daily prism
volume of Arcata Bay.
• Stated that the filtration pressure in the analysis should be
reconsidered.
• Stated that recalculation of the regulation ratio should be
considered.

Coast Seafoods Company
Recirculated Draft EIR

Issue Addressed in:
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Section 6.5, Biological
Resources, (6.5.5,
Conservation Measures);
Appendices D, F
Section 6.5, Biological
Resources, (6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures)
Appendix G
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Comment Type

Comment Summary

Issue Addressed in:

• Stated that the Gibbs model should be field tested in Arcata Bay.
• Stated that there are existing models with good performance
records.
• Stated that the Gibbs model lacks published field validation studies
and sensitivity analysis.
• Stated that variations in culture methods should be identified.
• Stated that clearance rates specific to species proposed for
cultivation should be used.
• Stated that calculations could be completed based on the sestonbased diet.
• Stated that the Cranford review lacked studies with domesticated or
poluploid shellfish.
• Stated that methods for determining average chlorophyll
concentration should be described.
• Stated the concern that the clearance efficiency exceeded the
flushing rate.
• Stated that there remains uncertainty with regards to clearance rate.
• Stated that the Harbor District should consider using a dynamic
modelling platform.

Ducks Unlimited

Biological Resources

Frank J. Shaughnessy,
PhD; Joe Tyburczy,

Biological Resources

Coast Seafoods Company
Recirculated Draft EIR

Biological Resources
• Stated that the Project’s impacts on brant are likely dependent on
three factors: 1) eelgrass declines, 2) disturbance from feeding, 3)
current surplus of eelgrass in the Bay.
• Stated that the conclusion that the Project would have less than
significant impacts on eelgrass is not convincing.
• Stated that additional analysis on disturbance impacts to brant is
needed.
• Stated that a recent study suggests that Humboldt Bay eelgrass
surplus is not large compared to brant needs.
Biological Resources
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Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendices D, H

Section 6.5, Biological
Resources (6.5.4, Effects
Humboldt Bay Harbor District
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person
PhD; Jeffrey M. Black,
PhD,
Humboldt State
University

Steven Grantham

Comment Type

Recreation, hazards
and hazardous
materials

Comment Summary
• Stated that the Project will negatively affect functions of eelgrass
beds and that further study is needed to assess degree of impact.
• Stated that the project may result in changes to the benthic
community
• Stated that seagrasses have multiple ecosystem functions.
• Stated that shading and trampling would impact eelgrass.
• Stated that a monitoring study should be designed.
• Stated that the Rumrill and Poulton 2004 study had limitations,
including replication of treatments and use of control sites.
• Recommended that a monitoring study address hypotheses,
including: eelgrass shoot densities are lower under longlines and
between longlines, different brant and wigeon use of control and
mariculture sites, and changes in shoot density between years on a
landscape scale.
• Stated that monitoring should be done independently.
Biological Resources:
• Stated that waterfowl shy away from oyster gear and workboats,
impacting loafing, foraging, and gritting.
Recreation:
• Stated that the Draft IS did not sufficiently analyze impacts to
recreational waterfowl hunting.
• Stated that mitigation for waterfowl hunting impacts may be
necessary.
• Stated that portions of the Project are in areas important for
waterfowl hunting.
Hazards and Hazardous Materials:
• Stated that oyster gear may impact boater safety, including by
entanglement.

Stephen Rosenberg

General, Biological
Resources, Mitigation

Coast Seafoods Company
Recirculated Draft EIR

General:

Issue Addressed in:
Analysis of Project);
Appendices D, E, F, H

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project),
Appendix E, F
Section 6.11, Recreation

Section 6.10, Hazards and
Hazardous Materials
Section 5.0, Project
Alternatives
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Comment Type

Comment Summary
• Stated that the goal should be to reduce operations in east bay, not
expand them.
• Stated that areas away from the east bay should be used for
mariculture.
Biological Resources
• Stated that new oyster production would be concentrated in the
Bay’s east side.
• Stated that the Project could damage eelgrass beds.
Mitigation:
• Stated that protection of South Bay is not adequate mitigation.

Stan Brandenburg

Issue Addressed in:

General, Biological
Resources,
Hazards and
Hazardous Materials,
Recreation,
Traffic/Transportation

Coast Seafoods Company
Recirculated Draft EIR

General:
• Stated that Coast’s Project should not be allowed.
• Stated that the Project is not sustainable.
• Stated that alternative locations are available for the Project.

Section 6.5, Biological
Resources (6.5.4 Effects
Analysis of Project),
Appendices D, E, F
Section 6.5, Biological
Resources (6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures)
Section 4.0, Project
Description; Section 5.0,
Project Alternatives

Biological Resources:
• Stated that the Project would have impacts on herring, migratory
birds, and eelgrass.
• Stated that the Project may impact food resources in the Bay.

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendices D, E, F, G, H

Hazards and Hazardous Materials:
• Stated that above-ground aquaculture is a hazard to navigation.

Section 6.10, Hazards and
Hazardous Materials

Recreation:
• Stated that above-ground aquaculture impacts recreational hunting,
fishing and boating.

Section 6.11, Recreation
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person
Mark Hennelly,
California Waterfowl
Association

Comment Type

General, Biological
Resources, Recreation,
Cumulative Impacts

Comment Summary
Traffic/Transportation:
• Stated that above-ground aquaculture is a hazard to navigation.
General:
• Stated that an EIR should be prepared.
Biological Resources:
• Stated that the literature shows that aquaculture negatively affects
brant.
• Stated that disturbance may cause brant to change seasonal use
patterns.
• Stated that impacts to eelgrass would also impact herring and
multiple bird species that forage on herring.
Recreation:
• Stated that the Project may impact waterfowl hunting and reduce
and degrade hunting opportunities.
• Stated that the Draft IS’s statement that hunting has a greater effect
on waterfowl populations is incorrect.
• Stated that habitat quality and quantity has the greatest impact on
waterfowl and other game species.
• Disagreed that the impact to brant would be less than significant.

Carol Ross & Walter
Moorehead

Biological Resources

James S. Sedinger

Biological Resources

Coast Seafoods Company
Recirculated Draft EIR

Cumulative Impacts:
• Stated that the Project could have cumulative impacts with other
proposed projects.
Biological Resources:
• Stated that the Project would impact migrating brant and other
waterfowl and shorebirds.
Biological Resources:
• Stated that the Project would impact eelgrass and therefore black
brant.
2-14

Issue Addressed in:
Section 6.13,
Traffic/Transportation
Section 2.0, Introduction

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendices D, E, F, H

Section 6.11, Recreation

Section 7.0, Cumulative
Impacts
Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendix E, F
Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendices D, E, F, H
Humboldt Bay Harbor District
July 2016

Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Comment Type

Comment Summary

Issue Addressed in:

•

Stated that the Project could impact brant through human
disturbance.
General:
• Stated that the Project should be denied.

Multiple Commenters
(Help Protect
Migratory Birds)

General, Biological
Resources

Public Comment
Meeting Attendees

Aesthetics, Biological
Aesthetics:
Resources, Greenhouse • Stated there are pipes sticking out of the ground in abandoned
Gas Emissions,
areas that could potentially cause harm or break loose.
Recreation,
Transportation/Traffic, Biological Resources:
Cumulative Impacts
• Stated there are important areas to black brant and herring.
• Stated we don’t know what the phytoplankton residence time is.
• Stated that the quality of information available on residence time
and flush rate is inadequate.
• Stated that carrying capacity needs to be addressed.
• Stated that existing structures must be impacting eelgrass due to
loss of light and would like to see effects on eelgrass quantified in
scientific study.
• Stated that the Draft IS did not sufficiently address mitigation for
eelgrass.
• Stated that new culture will impact brant and wigeon.

Biological Resources:
• Stated that the Project will impact eelgrass, brant and other bird
species.

Coast Seafoods Company
Recirculated Draft EIR

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendices D, E, F, H
Section 6.6, Aesthetic and
Visual Resources
Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures); Appendices D,
E, F, G, H

Greenhouse Gas Emissions:
• Stated concerns about ocean acidification and that oysters and
eelgrass may be compatible.

Section 6.8, Greenhouse
Gas Emissions

Recreation:
• Stated Draft IS did not fully address impacts to recreation and
waterfowl hunting.

Section 6.11, Recreation
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Oceana; Audubon
California; Earthjustice

Comment Type

General, Project
Description, Biological
Resources, Cumulative
Impacts, Alternatives
Analysis, Mitigation
Measures

Comment Summary

Issue Addressed in:

Transportation/Traffic:
• Stated above ground culture could present a hazard to
navigation.

Section 6.13, Transport

Cumulative Impacts:
• Stated cumulative impacts need to be analyzed.
Comments on Final IS & NOP
General:
• Stated that the proposed Project is likely to have significant adverse
impacts on sensitive habitats and fish and animal species.
• Stated that a full EIR should be prepared.
• Incorporated prior comments by reference.
• Stated that the Pacific Fishery Management Council commented on
the Project by stating that shellfish habitats are not functionally
equivalent to eelgrass habitats.

Section 7.0, Cumulative
Impacts
Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures)

Project Description:
• Stated the Projects described in the Draft and Final IS’ are largely
the same and are likely to have similar significant adverse impacts.

Section 4.0, Project
Description

Biological Resources:
• Stated that the 2004 Rumrill and Poulton study is flawed and does
not support a finding that the proposed Project design does not
result in less than significant impacts to eelgrass.
• Stated that the EIR must analyze the environmental effects
occurring both within California and outside of it on an
“ecosystem” basis.
• Stated that the Project’s impacts must be analyzed in terms of the
regional setting as well as the Pacific Flyway and California Large
Marine Ecosystem.

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Conservation Measures,
6.5.7; Mitigation
Measures);
Appendices D, E, F, H

Cumulative Impacts:
Coast Seafoods Company
Recirculated Draft EIR

2-16

Humboldt Bay Harbor District
July 2016

Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Comment Type

Comment Summary
• Stated that the EIR must identify all existing and likely future
projects that contribute to the same cumulative impacts as the
Project.
• Stated that the cumulative impact analysis must address the severity
of impacts and their likelihood of occurring.
Alternatives Analysis:
• Stated that a reasonable range of alternatives must be considered,
including a no project alternative.
Mitigation Measures:
• Stated that CEQA and the California Endangered Species Act
require mitigation of significant impacts.
• Stated that a project proponents’ prior shortcomings may be
considered in reviewing adequacy of proposed mitigation.

Pacific Flyway Council

Biological Resources;
Recreation; Cumulative
Impacts

Coast Seafoods Company
Recirculated Draft EIR

Issue Addressed in:
Section 7.0, Cumulative
Impacts

Section 5.0, Project
Alternatives
Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures)

Biological Resources:
• Stated that the Project would have significant negative impacts on
eelgrass and eelgrass-dependent species, including black brant.
• Stated that the DEIR should quantify the increase in the number
and magnitude of disturbance events from boat traffic and human
activities from the Project.
• Stated that the DEIR should describe and quantify the significant
impacts to eelgrass from all activities associated with harvest,
maintenance and gear placement.

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendices D, E, F, H

Recreation:
• Stated that the Project would likely impact waterfowl hunting.
• Stated that the DEIR should include decreases in waterfowl
available for harvest, loss of hunting opportunities from

Section 6.11, Recreation;
Section 6.13,
Transportation/Traffic
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Humboldt Baykeeper

Comment Type

Comment Summary
disturbance, loss of hunting due to physical obstruction, and
increases in hazards to boaters and dogs.

General; Biological
Resources; Alternatives
Analysis; Cumulative
Impacts; Mitigation
Measures

Cumulative Impacts:
• Stated that the DEIR should assess cumulative impacts, particularly
for black brant and migratory birds.
General:
• Incorporated previous comments by reference.
Biological Resources:
• Stated that the DEIR should assess avoidance and mitigation.
• Stated that the Project should be revised to avoid impacts to
eelgrass.
Alternatives Analysis:
• Stated that the DEIR should assess alternatives to the Project.
Cumulative Impacts:
• Stated that the DEIR should assess cumulative impacts.
Mitigation Measures:
• Stated a concern with the proposal to adopt monitoring and
adaptive management as mitigation.

Pacific Fishery
Management Council

Issue Addressed in:

General, Biological
Resources, Cumulative
Impacts

General:
• Stated that the Council has had insufficient time to review materials
and requested an extension of the DEIR public comment period.
• Attached previous comment letter regarding the Project and
incorporated by reference.
Biological Resources:
• Stated that it was unclear how eelgrass impacts would be avoided.

Coast Seafoods Company
Recirculated Draft EIR
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Section 7.0, Cumulative
Impacts
Section 5.0, Project
Alternatives; Section 6.5,
Biological Resources
(6.5.4, Effects Analysis of
Project; 6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures); Appendices D,
H
Section 5.0, Project
Alternatives
Section 7.0, Cumulative
Impacts
Section 6.5, Biological
Resources (6.5.5,
Conservation Measures;
6.5.7, Mitigation
Measures); Appendix H
Section 2.0, Introduction

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Humboldt Bay Harbor District
July 2016

Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

California Department
of Fish and Wildlife

Comment Type

Project Description,
Biological Resources,
Alternatives,
Cumulative Impacts,
Recreation, Mitigation,
Monitoring

Coast Seafoods Company
Recirculated Draft EIR

Comment Summary

Issue Addressed in:

• Stated that the CEMP’s and the Pacific Fishery Management
Council’s recommendations should be followed.
• Stated that shellfish do not provide the same ecosystem services as
eelgrass.
• Stated that sedimentation-related impacts to fish have not been
analyzed.

Conservation Measures;
6.5.7, Mitigation
Measures); Appendices D,
H

Cumulative Impacts:
In appended comment letter, expressed concern regarding the
Project’s potential cumulative impacts.
Project Description:
• Stated that the DEIR should include a description of maintenance
and inspection of basket-on-longline culture plots.
• Stated that the DEIR should include a description of gear
placement, gear required, and methods of removal.
• Stated that anchoring location and frequency should be described.
• Stated that bushel tubs should be described.
• Stated that PVC pipes used to demarcate sites should be described.

Section 7.0, Cumulative
Impacts

Biological Resources:
• Stated that the Project could eliminate or degrade eelgrass habitat.
• Stated that the Project could reduce floating eelgrass rafts and
beach wrack.
• Stated that the Final IS did not address impacts to habitat alteration
and fragmentation.
• Stated that artificial habitats in estuarine and nearshore
environments are “poor surrogates” for natural habitats.
• Stated that the DEIR should describe and quantify eelgrass impacts.
• Stated that the Project should incorporate a 10-ft buffer to eelgrass.
• Stated that the Project could have significant impacts on mudflats
and recommended that the DEIR analyze this impact.

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Conservation Measures,
6.5.7 Mitigation
Measures); Appendices D,
E, F, G, H
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Commenting
Agency/Person
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Recirculated Draft EIR

Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.
Comment Type

Comment Summary

Issue Addressed in:

• Stated that the DEIR should analyze disturbance-related impacts to
migratory shorebirds, waterfowl, brant and marine mammals.
• Stated that disturbance impacts should be discussed over a range of
temporal scales and should incorporate published buffer distances.
• Stated that impacts to herring should be evaluated in the DEIR and
stated that survival of spawn on different substrates should be
discussed.
• Stated that the DEIR should analyze the possibility of desiccation
in relation to herring spawn on aquaculture gear.
• Stated that impacts to black brant should be analyzed in the DEIR,
including loss of eelgrass food resources.
• Stated that the DEIR should evaluate impacts to salmon and trout
species, including loss of eelgrass habitat and change in habitat
structure.
• Stated that the DEIR should use a threshold of significance for
eelgrass impacts that meets the Department’s “no net loss” policy.
Alternatives:
• Stated that the DEIR should analyze an eelgrass avoidance
alternative.

Section 5.0, Project
Alternatives

Cumulative Impacts:
• Stated that the DEIR should assess cumulative impacts related to
disturbance of migratory shorebirds, waterfowl, brant and marine
mammals.
• Stated that cumulative impacts associated with disturbance and loss
of food resources should be evaluated in the DEIR.
• Stated that cumulative impacts to brant and salmonid species
should be evaluated in the DEIR.

Section 7.0, Cumulative
Impacts; Appendix G

Recreation:
• Stated that the DEIR should analyze recreational impacts including
loss of hunting opportunities and increased hazards to boaters.

Section 6.11, Recreation;
Section 6.13,
Transportation
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Table 2.1 Summary of Comments on Draft IS and Final IS & NOP.

Commenting
Agency/Person

Mark A. Colwell,
Professor, Humboldt
State University

Comment Type

Comment Summary
Mitigation:
• Stated that the DEIR should include an acre-by-acre analysis of
eelgrass and mudflat wetland habitat impacts and of feasibility and
timing of mitigation.

General, Biological
Resources

Monitoring:
• Stated that ongoing annual monitoring should be performed that is
sufficient to detect Project-related changes and impacts to fish and
wildlife resources.
• Stated that a multi-agency group should be formed to assist in the
development of a monitoring program.
General:
• Stated that he is in general agreement with other commenters
regarding the value of eelgrass habitat.
Biological Resources:
• Stated that this comment focuses on the value of tidal flats to
shorebirds.
• Stated that there is insufficient information to evaluate whether
expanding oyster culture would have less than significant impacts
on shorebirds; information is also insufficient to evaluate impacts to
shorebirds from loss of mudflat habitat.
• Stated that little is known about the abundance and availability of
invertebrate populations for shorebird foraging in Humboldt Bay.
• Stated that impacts to shorebirds from increased disturbance should
be evaluated.
• Stated that loss and degradation of habitat is likely driving shorebird
decline.
• Stated that Humboldt Bay is a critical link in the chain for many
species of migratory shorebirds.
• Stated that there is a lack of evidence to support achievement of
Project goals of sustainable seafood sourcing.

Coast Seafoods Company
Recirculated Draft EIR

2-21

Issue Addressed in:
Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project; 6.5.5,
Conservation Measures,
6.5.7, Mitigation
Measures); Appendices D,
H
Appendix H

Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendix D
Section 6.5, Biological
Resources (6.5.4, Effects
Analysis of Project);
Appendix E, F
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2.4 Scope of the R-DEIR
The scope of this R-DEIR was determined based upon the Draft IS, Final IS and NOP, and comments
received. Pursuant to Sections 15126.2 and 15126.4 of the CEQA Guidelines, this R-DEIR identifies
any potentially significant adverse impacts and recommended mitigation that would reduce or
eliminate these impacts to levels of insignificance. The information contained in Section 4.0, Project
Description, establishes the basis for analyzing future project-related environmental impacts.
2.4.1 Impacts Considered Less Than Significant
In accordance with CEQA Guidelines Section 15128, the Final IS (Appendix A) explains why each of
the following environmental categories were determined not to be significantly affected by the Project
and are therefore not analyzed further in the EIR.
•
•
•
•
•
•
•

Agricultural Resources
Geology and Soils
Land Use and Planning
Mineral Resources
Population and Housing
Public Services
Utilities and Service Systems

2.4.2 Potentially Significant Adverse Impacts
Based on the Draft IS, Final IS and comments received during the NOP comment period, ten
environmental categories were identified as potentially significant impacts if the Project is
implemented. They are:
•
•
•
•
•
•
•
•
•
•

Cultural and Archaeological Resources
Biological Resources
Aesthetics and Visual Resources
Air Quality
Greenhouse Gas Emissions
Hydrology and Water Quality
Hazards and Hazardous Materials
Recreation
Noise
Transportation/Traffic

The R-DEIR addresses each of these environmental issues in Section 6.0, Environmental Analysis
and Effects of Alternatives. The analysis identifies potentially significant environmental impacts;
evaluates the direct, indirect, and cumulative impacts; and recommends feasible mitigation measures,
where appropriate, that would serve to reduce or eliminate the Project’s identified adverse
environmental effects.
Coast Seafoods Company
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2.4.3 Unavoidable Significant Adverse Impacts
No unavoidable significant adverse impacts have been identified.

2.5 Impact Terminology
The following general terms are used in this R-DEIR to describe the significance of impacts that could
result from the Project:
•
•
•
•

The Project is considered to have no impact if the analysis concludes that the Project could not
affect a particular resource topic.
An impact is considered less than significant if the analysis concludes that the Project would cause
no substantial adverse change to the environment and mitigation is not required.
An impact is considered less than significant with mitigation if the analysis concludes that the
proposed Project would cause no substantial adverse change to the environment with the
inclusion of mitigation measures identified by the lead agency.
An impact is considered environmentally significant if the analysis concludes that the proposed
Project would cause substantial adverse change to the environment that could not be reduced
to less-than significant levels by the inclusion of identified mitigation measures.

2.6 Final EIR Certification
This R-DEIR is being circulated for public review for a period of 45 days. A notice will be sent to
affected agencies and interested parties indicating that the R-DEIR is available for review in
accordance with CEQA Guidelines Section 15087. During the 45-day public review period, the RDEIR will be available at the Harbor District Office, 601 Startare Drive, Eureka, California 95501 and
on the Harbor District’s website (http://humboldtbay.org). Written comments on the DEIR should
be submitted to:
Jack Crider, Director
601 Startare Drive, Eureka, CA 95501
Fax: (707) 443-0800
Email: jcrider@humboldtbay.org
The R-DEIR comments and responses and DEIR comments will be combined into the Final EIR,
which will be presented to the District Board of Commissioners for consideration as they review the
proposed Project. All persons who commented on the DEIR and R-DEIR will be notified of the
availability of the Final EIR and the date of any public hearing before the Board of Commissioners.

2.7 Intended Uses of this EIR
This R-DEIR documents the potential environmental effects of the Project and is to be used by the
District to satisfy CEQA requirements and to support assessments by other agencies, including
responsible and trustee agencies. The Project conditions described in this R-DEIR (e.g., mitigation
measures and thresholds) as well as any other conditions contained in other Project approvals will be
Coast Seafoods Company
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required of Coast as part of Project approval. Table 2.2 depicts the agencies expected to use the EIR
in their decision making processes and the related environmental laws, approvals, permits and/or
consultations.
Table 2.2 Agencies Expected to Use this R-DEIR in their Decision Making Processes and
the Related Environmental Laws, Approvals, Permits and/or Consultations
Type of Approval, Permit
Agency
Law(s)
or Consultation
U.S. Army Corps of Engineers
Rivers and Harbors Act Section Individual Permit
(USACE)
10
Humboldt Bay Harbor,
State of California Harbor and
Use Permit
Recreation and Conservation
Navigation Code
District
North Coast Regional Water
California Water Code and
401 Water Quality
Quality Control Board
Clean Water Act
Certification
City of Eureka
City of Eureka Code
Conditional Use Permit
California Coastal Commission California Coastal Act
Coastal Development
Permit and Coastal Zone
Management Consistency
Determination
National Marine Fisheries
Magnuson Stephens Fishery
Primarily through
Service
Conservation and Management consultation with USACE
Act, Endangered Species Act,
Marine Mammal Protection Act
U.S. Fish and Wildlife Service
Endangered Species Act
Primarily through
consultation with USACE
California Department of Fish
California Endangered Species
Primarily through
and Wildlife
Act and California Fish and
consultation with the
Game Code Section 1802
Harbor District and
California Coastal
Commission

2.8 Mitigation Monitoring
Public Resources Code Section 21081.6 requires that agencies adopt a monitoring or reporting
program for any project for which it has prepared an EIR or a Mitigated Negative Declaration. Such
a program is intended to ensure that the implementation of all mitigation measures adopted through
the preparation of an EIR. The Mitigation Monitoring Program for the Project will be completed as
part of the Final EIR and will be completed prior to consideration of the Project by the Board of
Commissioners.
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Section 3.0 Environmental Setting
3.1 Introduction
The Project is intended to provide a comprehensive plan for management of Coast’s owned and leased
area and expansion of its shellfish farm in Humboldt Bay. This DEIR discloses possible environmental
impacts from approving the Project and identifies ways to minimize adverse environmental impacts.
Baseline conditions, applicable regulations, standards, and thresholds are described under each topical
section in DEIR Section 6.0, Environmental Analysis and Effects of the Alternatives.

3.2 Regional Environmental
Setting
Humboldt County is located on the north
coast of California, approximately 200 miles
north of San Francisco. Humboldt County
contains a diversity of plant and animal
species, with significant forest and coastal
habitats. Humboldt Bay is located on the
coast at approximately the midpoint of the
County. Highway 101 runs adjacent to the
eastern shore, and State Route 255 surrounds
the northern and western shores of North
Bay. The population settled around
Humboldt Bay represents the largest
population center on the West Coast
between Portland and San Francisco. The
largest nearby urban concentrations are in
the
cities
of
Arcata
(population
approximately
16,651)
and
Eureka
(population approximately 25,866).

3.3 Local Environmental Setting
Humboldt Bay
Humboldt Bay encompasses roughly 62.4 square kilometers (about 15,400 acres) at mean high tide in
three geographic segments: South Bay, Entrance Bay, and North Bay (Figure 3.1). As California’s
second-largest natural bay and the largest estuary on the Pacific Coast between San Francisco Bay and
Oregon’s Coos Bay, Humboldt Bay is a complex ecosystem and valuable resource for California and
the nation because of its natural resources, aesthetic appeal and recreational opportunities, ecological

Coast Seafoods Company
Recirculated Draft EIR

3-1

Humboldt Bay Harbor District
July 2016

Figure 3.1 Major landmarks in North Bay, Humboldt Bay, California.
services, economic benefits, and vital transportation links. Visitors and Humboldt County residents
value Humboldt Bay for its natural and anthropogenic attributes. Humboldt Bay biota is diverse and
ecologically important locally and globally, with both local fisheries, including oyster farms, and habitat
for long-distance shorebird and waterfowl migrants. The Humboldt Bay area hosts more than 400
plant species, 300 invertebrate species, 100 fish species, and 260 bird species, including those that rely
on the bay as they travel the Pacific Flyway. Humboldt Bay is also important in the life cycles of
commercially and recreationally important fish species, including shellfish, crustaceans, and finfish.
Portions of the diked former tidelands around Humboldt Bay, particularly in the Arcata Bottoms, are
used for agriculture, primarily livestock grazing.
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In the late nineteenth and early twentieth centuries, the bay was diked and filled, reducing salt marshes
from an estimated 9,000 acres to the 900 acres present today. Habitat has been further impacted by
discharges of agricultural and urban runoff, industrial and recreational activities, sedimentation from
the bay’s watershed and other sources, colonization by the invasive grass, Spartina, and other stressors.
The oyster and clam culture industry in the bay produces about 70% of the oysters grown in California.
Three species of mollusk are cultured in Humboldt Bay: Kumamoto oysters (Crassostrea sikamea),
Pacific oysters (C. gigas) and Manila clams (Tapes philippinarum). There are five companies currently
farming shellfish in the bay, using various methods to culture clams in subtidal areas and oysters in
both subtidal and intertidal areas.
Project Location and Land Uses
The Project site is located in the north and central parts of Humboldt Bay. Coast’s aquaculture
operations are located on intertidal and subtidal lands of North Bay and Central Bay that are owned
or leased by Coast, including approximately 1,827 acres owned or held in trust by the City of Eureka,
approximately 1,452 acres owned or held in trust by the Harbor District, approximately 515 acres
owned by Karamu Corporation, and approximately 5 acres owned by the Manila Community Service
District (“MCSD”) (Figure 4.2, Project Description).
The areas surrounding Coast’s operations are dominated by tidal flats, tidal channels and open water.
The project area is located within tidal and submerged lands granted to the Harbor District and City
of Eureka by the State Lands Commission. The Project area within unincorporated Humboldt County
is zoned as Natural Resources with Coastal Wetlands and Water Conservation. Areas of the Project
within the City of Eureka’s jurisdiction are zoned Water Conservation and Water Development. The
Harbor District’s Humboldt Bay Management Plan classifies the area as Combined Water Use –
Mariculture. Surrounding areas are similarly classified Combined Water Use – Mariculture or Bay
Conservation by the Harbor District; zoned Natural Resources – Coastal Wetland by Humboldt
County; and zoned Water Conservation and Water Development by the City of Eureka.

3.4 Environmental Resources
The following is a summary of environmental resources in the Project area. Existing conditions,
regulations, and an analysis of potential Project impacts are further discussed under each topical subsection in DEIR Section 6.0, Environmental Analysis and Effects of the Alternatives.
3.4.1 Cultural and Archeological Resources
Humboldt Bay is the ancestral heartland of the Wiyot Indians, whose native language is affiliated with
the Algonquian language family and who had occupied the bay area for at least 2,000 years by the time
the first European maritime explorers entered the bay and the first American towns were established
in 1850. There are hundreds of known and undiscovered archaeological sites around Humboldt Bay
that evidence Wiyot history and prehistory. Today, citizens of Wiyot ancestry are affiliated with three
federally-recognized tribes located in the ancestral homeland: Blue Lake Rancheria; Bear River Band
of the Rohnerville Rancheria; and the Wiyot Tribe at Table Bluff Reservation.
The Wiyot Tribe is intimately connected to the biology and ecology of Humboldt Bay and incorporates
the Bay’s resources in their cultural practices. The Wiyot Tribe uses eelgrass and the species supported
by eelgrass for subsistence activities and values eelgrass beds as a cultural landscape. Species supported
Coast Seafoods Company
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by eelgrass, including waterfowl and Dungeness crab, are also used for subsistence by the Wiyot
people. In addition, the Wiyot Tribe uses species supported by eelgrass for other cultural practices,
including regalia making for ceremony.
3.4.2 Biological Resources
The Project area includes intertidal and subtidal habitats. Intertidal mudflats are exposed during lower
tides and are submerged during higher tides. Channels cut across the mudflats. In some areas, eelgrass
forms dense beds, and, in other areas, eelgrass is sparsely distributed or absent. Species of algae also
occur on mudflats including red alga, rockweed and sea lettuce. During high tides, fish can occur on
mudflats and some may utilize them as foraging habitat. Various invertebrate species including the
commercially and recreationally important Dungeness crab can occur on mudflats during high tides
and low tides. Bird and marine mammal species also utilize intertidal areas. The subtidal community
in Humboldt Bay is comprised of plant and animal species that are always inundated by water.
Numerous fish, bird, and marine mammal species utilize subtidal areas.
3.4.3 Aesthetic and Visual Resources
Visual resources and scenic views occur in a diverse array of environments in the Humboldt Bay area,
ranging in character from views of all-natural aesthetic features to views that mainly consist of the
built environment. Views of the natural aquatic environment provide much of the Bay’s visual quality,
including views of areas such as the National Wildlife Refuge Complex, the City of Arcata’s Marsh
and Wildlife Sanctuary, and the California Department of Fish and Wildlife Areas. The built
environment that is visible from the Project area includes industrial development, billboards,
residential housing, wharfs/marinas, pilings, bridges, mariculture, roads, highways, farmland, and
ranch land.
3.4.4 Climate and Air Quality
The coastal zone of Humboldt County experiences wet, cool winters and dry, mild foggy summers.
Coastal summer highs range from the mid-60s to 70's, with lows from the upper 40's to mid-50's. In
the winter, highs range from the low 40's to high 50's, with lows in the 30's and 40's. The coastal zone
experiences a number of frosty nights in winter and early spring, though snowfall and hard freezes are
rare.
The Project area is located in the North Coast Air Basin and is under the jurisdiction of the North
Coast Unified Air Quality Management District. The North Coast Air Basin generally experiences
good air quality and is in attainment of all federal and state air quality standards except for particulate
matter smaller than 10 microns in diameter (PM 10 ) under California regulations. PM 10 pollutants may
be generated by transportation sources (tire wear, emissions, etc.); by construction-generated dust or
smoke; and by smoke from appliances like woodstoves, barbecues, or fireplaces.
3.4.5 Hydrology and Water Quality
North Humboldt Bay generally consists of channels through mudflats. The ambient water quality in
Humboldt Bay is good, with quality determined based on the general quality of water entering the Bay
from the nearshore Pacific Ocean. On average, bay water is slightly warmer than incoming Pacific
water. There are also seasonal and geographic variations in water quality in the Bay, with North Bay
being both fresher and colder in winter and warmer and saltier in summer than Entrance Bay.
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3.4.6 Hazards and Hazardous Materials
There are relatively few hazards or hazardous materials in Humboldt Bay, which is dominated by
natural landscapes. However, Humboldt Bay has historically been used for industrial processes such
as bleaching of paper pulp, pesticide and herbicide manufacturing and waste incineration, which
likely contributed chemicals such as dioxins to the Bay (Pacific Shellfish Institute 2007). In addition,
the Bay is frequently transited by recreational and commercial watercraft with internal combustion
engines, which pose a hazard associated with the potential release of fuel and lubricants into the Bay.
3.4.7 Recreation
Recreation activities in and around North Bay include boating, paddling (e.g., kayaks, canoes and
stand-up paddle boards), fishing, clamming, birdwatching, and hunting. Hunting for waterfowl is
conducted on the bay, sloughs, marshes, and adjacent agricultural and other uplands. Hunting
(regulated by the California Department of Fish and Wildlife) is allowed at several locations around
the bay.
3.4.8 Noise
Although local conditions vary widely, the Humboldt Bay area is generally a relatively quiet setting,
where sound created by human activities is added to a largely natural ambient acoustic setting, which
varies according to location, topographic features, local meteorological conditions, and the proximity
to sound sources. Representative noise sources in the Humboldt Bay area include both stationary and
mobile sources:
•
•
•
•

Traffic noise from highways (Highway 101 and State Route 255, including the bridges over
Humboldt Bay) and other traffic corridors.
Activities associated with commercial, industrial, and recreational uses (including those
associated with the Eureka waterfront, Woodley Island, the Samoa Peninsula, and the North
Spit).
Motorized watercraft, boats, ships, navigation aids, and marine-related equipment.
Aircraft, including small planes and helicopters.

However, the overall, time-averaged noise levels appear to be relatively low throughout the area
(HBMP 2007).
3.4.9 Transportation/Traffic
Humboldt Bay is regularly transited by commercial and recreational boat traffic. Humboldt Bay serves
as a working port handling ocean-going vessels with both domestic and international cargoes. It is the
only deepwater shipping port between San Francisco and Coos Bay, Oregon. The Harbor also houses
non-cargo commercial uses including a commercial fishing fleet and mariculture activities.
Recreational traffic in Humboldt Bay includes non-motorized vessels such as kayaks, stand-up paddle
boards, and canoes. Recreational hunters and fishers also transit the bay in both motorized and
unmotorized vessels. Except for small vessels with shallow drafts, most commercial and recreational
boat traffic utilizes the deepwater channels (see Figure 6.5.4) (e.g. Arcata Channel, North Bay Main).
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Section 4.0 Project Description
4.1 Project Location
The Project site is located in the north and central parts of Humboldt Bay, California. Humboldt Bay
encompasses roughly 62.4 square kilometers (about 15,400 acres) at mean high tide in three
geographic segments: South Bay, Entrance Bay, and North Bay. Coast leases and/or owns
approximately 4,313 acres in North Bay. Coast’s leased area includes approximately 1,827 acres
owned or held in trust by the City of Eureka, approximately 1,452 acres owned or held in trust by
the Harbor District, approximately 515 acres owned by the Karamu Corporation, approximately 5
acres owned by the Manila Community Services District, and approximately 514 acres owned by
Coast. Figure 4.1 depicts Humboldt Bay’s North and Central Bays. Figure 4.2 depicts the boundaries
of Coast’s leased and owned area in North Bay.

4.2 Surrounding Land Use Settings
Coast’s aquaculture operations are located on intertidal and subtidal lands of North Bay and Central
Bay that are owned or leased by Coast. The areas surrounding Coast’s operations are dominated by
tidal flats, tidal channels and open water. The project area is located within tidal and submerged lands
granted to the Harbor District and City of Eureka by the State Lands Commission. Because the
project is located within Humboldt Bay tidelands, the Harbor District has permitting authority. The
entire project area is zoned “Natural Resources – Wetland” by Humboldt County. The Harbor
District’s Humboldt Bay Management Plan classifies the area as “Combined Water Use –
Mariculture” (HBMP 2007). Surrounding areas are either classified “Combined Water Use –
Mariculture” or “Bay Conservation” by the Harbor District and zoned “Natural Resources –
Wetland” by Humboldt County.
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Figure 4.1 Map of Humboldt Bay depicting South, Central and North Bays. The Project
is located in North Bay and Central Bay.
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Figure 4.2 Coast’s shellfish culture leases and ownership in Humboldt Bay, California.

4.3

Project Background and Existing Operations

Coast has been culturing shellfish in Humboldt Bay, California since the early 1950’s. Coast’s
predecessors in interest cultured shellfish in Humboldt Bay since the early 1900s. Historically, Coast
cultured as much as 1000 acres of tidelands for oyster culture within its owned and leased footprint.
Coast traditionally cultured shellfish using bottom culture methods, which entailed growing oysters
directly on the bay bottom and harvesting them with an oyster dredge. Figure 4.3 depicts the area
historically farmed by Coast in North Bay. In the mid to late 1990s, in response to requests from
regulatory agencies, Coast began to transition its operations to more environmentally sustainable offbottom culture methods.
In 2006, Coast reduced its operational farm footprint to 300 acres within North Bay and Central Bay
using exclusively off-bottom culture methods (cultch-on-longline, basket-on-longline, and rack and
bag) to cultivate Pacific and Kumamoto oysters. Coast’s cultivated footprint boundaries have not
changed since its 2006 approvals. The off-bottom culture methods were approved pursuant to a
Mitigated Negative Declaration (SCH 99062069), Harbor District Permit 04-03, U.S. Army Corps of
Coast Seafoods Company
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Engineers (Corps) Permit No. 26912N, and Coastal Commission Coastal Development Permits E06-003 and E-02-005. These approvals also permitted 10 clam rafts, a FLUPSY, intertidal nursery,
and wet storage areas. Coast also received approval for an additional 20 clam rafts within its leased
area in 2012, pursuant to a Negative Declaration, Harbor District Permit Amendment 04-03-1, Corps
Permit No. 2011-00428, and Coastal Commission Permit E-02-005-A2. In 2013, Coast amended its
permits to convert to basket-on-longline culture in the portion of its existing footprint dedicated to
rack-and-bag culture. This R-DEIR incorporates by reference the analysis presented in the DEIR,
prior Mitigated Negative Declarations and accompanying Initial Studies.
Coast currently uses approximately 294 acres of its existing beds to cultivate Pacific and Kumamoto
oysters using longline culture (cultch-on-longline and basket-on-longline). The existing footprint
includes approximately 38,479 1 longlines (469 basket-on-longline and 38,010 cultch-on-longline)
(Figure 4.4). These culture methods, which will also be utilized in the proposed expansion area, are
discussed below. In order to mitigate for the potential impacts associated with its Phase I expansion,
Coast is proposing to modify 100 acres of its existing footprint to move from 2.5-ft to 10-ft spacing
between longlines, as described in Section 4.5.4.8, below (see also Figure 4.15). The expansion of
spacing between longlines will begin as soon as practicable following project approval and will be
complete within 18-24 months, dependent on the time required for already-planted oysters to reach
marketable size and condition. The remaining approximately 194 acres of longline culture in the
existing footprint is not proposed to change as part of the Phase I expansion.
The remaining acreage within the existing operational footprint is apportioned as follows:
approximately 4.8 acres utilized as a nursery area; approximately 0.04 acres utilized for the FLUPSY;
approximately 0.04 acres utilized for wet storage floats; and approximately 0.93 acres utilized for clam
rafts. 2 Coast does not propose any changes to these aspects of its existing culture footprint. Figure
4.4 depicts the intertidal and subtidal acreage currently farmed by Coast in North Bay, including the
100 acres Coast on which Coast will increase longline spacing (see also Figure 4.15). Figure 4.5 depicts
the subtidal acreage currently farmed by Coast in Central Bay.

The number of longlines in the existing footprint varies by between 5-10% depending on planting and harvesting
cycles and market demand.
2 While Coast’s existing permits allow for one 20-ft-wide by 27-ft-long floating work platform associated with the clam
rafts, Coast currently does not moor a permanent work platform to the clam raft operations. The work platform may
be moored to the clam rafts on a temporary basis as needed.
1
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Figure 4.3 Map of Coast’s historical and current culture footprint within North Bay and of
the boundaries of Coast’s current owned and leased area.
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Figure 4.4 Coast’s existing intertidal and subtidal shellfish culture footprint and methods
in North Bay. 3
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Figure 4.5 Coast’s existing shellfish culture footprint in Central Bay.

A portion of Coast’s existing culture footprint is located in areas believed to be part of Coast’s lease with the Harbor
District, but whose ownership has been questioned by the Department of State Lands. Coast successfully negotiated a
lease with the Manila Community Services District for a portion of this area. As part of the Project, Coast is proposing
to relocate the remaining acreage to an area within its Harbor District lease whose boundaries are not disputed. The
proposed relocation is described in § 4.5.3.6, below.

3
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4.3.1 Intertidal Nurseries

Figure 4.6 Seed bags at a nursery.
Long-line culture utilizes cultch set with spat attached, collectively referred to as seed. Coast
transports the seed by truck from Quilcene, Washington. Each year a representative sample of each
type of seed is examined by a United States Department of Agriculture/Animal Plant Health
Inspection Service certified veterinarian and the results of this examination are sent to the California
Department of Fish and Wildlife (CDFW) with an application for import of seed. Once appropriate
results are verified, CDFW issues a certification for the import of oyster seed. Upon arrival, Coast
places the bags of seed in the intertidal nursery on Gunther Island. Coast stacks the seed on pallets
in order to prevent the bottom of the stack from becoming silted in, which suffocates the seed (Figure
4.6). After a period of time, which varies due to seasonal conditions (usually 2-3 months) the seed is
removed from the nursery in small batches daily and is brought to the processing plant. At the plant,
individual pieces of cultch are braided into the long-line rope and rebagged. Once the cultch has been
braided into the rope and bagged it is put into the bay and placed on either a bed or on Coast’s Arcata
Channel nursery to await planting.
The seed is transported by boat to nursery areas located in Humboldt Bay on mudflats north of
Gunther Island and along Arcata Channel. At these nursery areas the seed is allowed to grow to a
less fragile size and age. This process, called beach hardening, is needed to allow the seed to gain size
and strength prior to planting. The seed is allowed to beach harden for 3 to 8 months depending on
time of year, growth and condition of the seed.
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4.3.2 Intertidal Cultch-on-Longline Culture

Figure 4.7 Cultch-on-longline oyster culture.
Kumamoto oysters and Pacific oysters are grown using the cultch-on-longline method. Planting is
accomplished by placing the seeded long-line on notched PVC stakes that are arranged in rows on
the mudflats. The longlines are strung through notches on top of the PVC stakes, suspending the
oyster seed approximately 8-12 inches above the bay bottom (Figures 4.7 & 4.9).
Longline spacing within Coast’s existing operational footprint varies. Typically, cultch-on-longlines
are spaced 2.5 feet apart, with a 5-ft vertical gap between each group of 5 parallel lines and a 10-ft
horizontal gap between each row of longlines (Figure 4.8). Some beds alternately have 2.5 ft spacing
over the entire bed, with no 5-ft vertical gap between groups of 5 lines (but retaining the 10-ft
horizontal gap between rows of longlines). These 2.5-ft spaced longlines are single-hung with a
maximum height above the substrate of 12 inches. Single-hung longlines are supported by PVC pipes
driven into the substrate at 2.5-ft intervals.
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Figure 4.8 Configuration of cultch-on-longline oyster culture within Coast’s existing
culture area.
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Long-lines are planted by crews of six at tides low enough to allow for walking on the planting bed.
Bags from the nursery are gathered with a skiff and a hook during a high tide, to plant during the
subsequent low tide. Alternatively, the planting crew can pull the skiff into the nursery by hand when
the tide is coming in and manually throw the bags into the skiff. Bags are then transported to the bed
and placed along the edge of a row of empty long-line pipe. At low tide, the longlines are cut and
pulled out alongside the empty pipe. Each bag is clipped to the long-line on the notch of each pipe.
This continues until all bags are planted. Due to the infrequency of adequately low tides, the planting
crew works every available low tide.
Planted beds are inspected monthly, with virtually no other activity occurring on the bed until harvest.
Inspection involves walking on the bed at low tide to make sure that the lines are in the notches.
Oysters are harvested when they reach harvestable size (18 to 36 months) subject to seasonal
conditions and consumer demand. Two long-line harvest methods are used. Hand picking involves
placing round 20-bushel tubs on the bed at high tide using an oyster scow. Bushel tubs are round,
galvanized steel or aluminum tubs that sit 32” high and have a 42” diameter. Tubs are hand filled at
low tide. Longlines are cut into manageable single clusters and placed in the tub with a floating ball
attached. At high tide, tubs are placed in the oyster scow, unloaded, then placed back on the bed to
be refilled. The long-line harvester method involves pulling individual lines onto a scow at high tide,
either by hand or with a hydraulically operated roller. Hand-pulled lines are cut into individual
clusters, usually at the plant. Mechanically pulled lines are run through a breaker that strips the clusters
from the line.

Figure 4.9 Cultch-on-longline culture at 2.5 ft spacing.
4.3.3 Intertidal Basket-on-Longline Culture

Kumamoto oysters are grown using the basket-on-longline culture method which utilizes baskets
suspended on monofilament line tied between 2-inch diameter schedule 80 PVC pipes (Figure 4.10).
A 3/8” polyethylene sleeve encases the 5mm diameter monofilament line. The baskets are
approximately 24”x10”x6” in size and held on the line with plastic clips. A float, approximately 2.5”
in diameter and 5.5” long, is often attached to the baskets so they float up during high tides. The line
Coast Seafoods Company
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is positioned approximately 2.5’ to 3.0’ off the bottom making the baskets roughly 1’ from the bottom
during low tides.
Basket-on-longline lines within Coast’s existing culture areas use 3-ft spacing between groups of three
lines, with an open row of 20 feet between groups of three lines. Basket-on-longline spacing in the
existing culture area is shown in (Figure 4.11).

Figure 4.10 Basket-on-longline
culture.

Figure 4.11 Basket-on-longline culture configuration within Coast’s existing cultivated
acreage. Line length maximum: 100’.
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4.3.4 Subtidal Floating Upwelling System

Manila clams, Kumamoto and Pacific oyster seeds are matured in the FLUPSY. The FLUPSY is
located on the west side of the entrance channel south of the Simpson wood chip loading dock in
Fairhaven, 200 yards from the shoreline in 20 ft of water. The FLUPSY is tied to the dock at the
Eureka Boat yard. The FLUPSY is constructed of aluminum with poly-encapsulated floats with a
submerged trough containing a paddle wheel (Figure 4.12). This trough is surrounded by 16 open
wells containing upwelling bins. The paddle wheel moves the water out of the trough. For the trough
to fill, the water must pass through the upwelling bins containing shellfish seed. The bins are
removable for seed maintenance. The seed is about 1.4 mm long when it arrives and matured to
roughly 6 mm before being placed in bags. FLUPSY activities include maintaining the seed by rinsing
off bins with water, and seed grading based on size.

Figure 4.12 FLUPSY Configuration.
4.3.5 Subtidal Clam Rafts

Manila clam seed is matured in clam rafts (Figure 4.13). The clam rafts are located along the west side
of the entrance to Mad River Slough Channel opposite Bird Island, approximately ½ mile north of
the Samoa/Hwy 255 bridges. Rafts are attached to steel navy anchors in approximately 20-ft of water
and accessed by skiff. There are 30 floating rafts arrayed in two groups of fifteen, each 12-ft wide by
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20 ft long. Rafts are constructed from aluminum and use polyethylene encapsulated Styrofoam for
floatation. Each raft has 24 tray wells containing seed nursery trays in stacks of 20 suspended in each
well. The rafts only contain seed, which are shipped elsewhere for grow-out and harvest. The
activities at the clam rafts include placing and removing stacks of trays daily, cleaning and routine
maintenance. Twice each year, anchors and ground tackle are examined and repaired as necessary by
divers using scuba, skiffs and an oyster barge.
60 ft cables between rafts

250 lbs. Navy Anchors on
interior rafts

500 lbs. Navy Anchors on exterior rafts

Figure 4.13 Configuration of clam rafts.
4.3.6 Subtidal Wet Storage Floats

The wet storage floats are located in the "cut across" channel between Bird Island and Mad River.
The floats are anchored in approximately 20 ft of water in a series of four 20-ft by 20-ft square wood
frames, with 60 ft between floats (Figure 4.14) or clam rafts in the same array or smaller may be used
as wet storage floats. Bags of mature oysters recently harvested and ready for distribution to
wholesalers are temporarily placed in the floats to maintain the oysters’ fresh condition. Bags of
oysters are placed and removed by hand and transported by boat.
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Figure 4.14 Configuration of wet storage floats.
4.3.7 Maintenance and Operation of Existing Culture Areas

Coast maintains a fleet of 6 small watercraft and three larger vessels to operate and maintain its
existing culture footprint in North and Central Bay (Table 4.1). Four skiffs operate throughout the
bay, with each skiff making an average of one 4-hour trip per day, five days per week. Three of the
skiffs are staffed by crews of five while the fourth carries a smaller two-person crew. Because all skiffs
do not operate on the same day, skiffs are typically active 7 days a week. Coast also maintains two
small scows, which each make an average of two 4-hour trips per day, 5 times a week. Scows are
staffed by crews of five. As with skiffs, one or both scows are likely active 7 days a week.
Coast also operates three larger vessels: a clam boat (the Pantherotti), a Kumamoto oyster harvester
(Mary Elizabeth) and a harvest scow for hand-picked oysters (Elusive). The Pantherotti makes two
2-hour trips to Coast’s clam rafts 5 times a week carrying a crew of five. The Mary Elizabeth is active
5 days a week, typically making one 6-hour trip in a day with a crew of 4. The Elusive is active just 2
days a week, typically making one 4-hour trip in a day with a crew of four.
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Table 4.1 Summary of Coast’s Activity on the Bay under Existing Conditions*
Trips/
Hours/
Days/
Trip/
Hours/
Vessel Name
day
trip
Week
week
week
# of crew
Skiff 1
1
4
5
5
20
5
Skiff 2
1
4
5
5
20
5
Skiff 3
1
4
5
5
20
5
Skiff 4
1
4
5
5
20
2
Scow 1
2
4
5
10
40
5
Scow 2
2
4
5
10
40
5
1
Pantherotti
2
2
5
10
20
5
Mary Elizabeth2
1
6
5
5
30
4
3
Elusive
1
4
2
2
8
4
Totals
57
218
40
* Activity may be vary depending on weather conditions, crew availability, and other factors.
1 Clam vessel
2 Kumamoto oyster harvester
3 Harvest scow for hand-picked oysters

When working on beds, 4 larger vessels are anchored in deeper channels outside of tidal flats and
eelgrass habitat. Smaller skiffs are anchored at the edge of the bed being worked; where possible
anchors are dropped in sloughs without eelgrass. When anchoring over a tidal flat is necessary, the
anchor is dropped on mudflats or on the edges of channels/sloughs where feasible in order to avoid
eelgrass. All vessels use Danforth anchors: skiffs use 10 lbs. anchors and harvest vessels have 25-50
lbs. anchors; heavier anchors are carried for safe anchoring in the event of breakdown. Anchor chains
on skiffs are approximately 7 ft and on harvest vessels 33 ft.
The frequency of visits to any one shellfish bed varies by the culture method employed and the type
of activity being conducted (Table 4.2). Visits to cultch-on-longline beds are the least frequent.
Outside of the harvest and planting cycles, which occur every 1.5-3 years, depending on culture
method, species of oyster, and other variables, cultch-on-longline plots receive an average of one visit
per month for maintenance and inspection. Basket-on-longline plots are visited more frequently to
repair baskets, grade seed, and perform other tasks. Typically, crews are out on different areas of each
basket-on-longline plot on an almost daily basis; however, a single longline within a basket-onlongline bed will typically be visited (e.g. grading and sorting the shellfish; repairing baskets) only
once every 4 months. Visits to subtidal rafts are more frequent, occurring daily in most cases.
Table 4.2 Frequency of worker activity by culture method*
Culture Method
Type of visit
Frequency
Cultch-on-longline
Harvesting/Planting
1/1.5-3 years. Harvest occurs over an
approximately 2-day per acre period.
Planting occurs over an approximately 2day per acre period.
Culture beds are marked by 10-ft long, white PVC pipe. Demarcation pipe is 1.5-2 inches in diameter and is buried in
the substrate 1.5-2 ft deep.

4
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Table 4.2 Frequency of worker activity by culture method*
Culture Method
Type of visit
Frequency
Maintenance and Inspection 1/month
Basket-on-longline
Harvesting/Planting
3/year. A crew will work through an
entire bed in 4 months at a rate of 12
days/acre and will pull and replace
baskets in a different part of the bed
each day. Work will take place on a 5-6
day per week schedule. A single area of
any one bed is typically visited only once
every 4 months.
Maintenance and Inspection Crews typically perform maintenance
and inspection activities while on the
beds for harvesting/planting, as
described above. Occasionally, more
frequent visits are necessary to make
repairs.
Intertidal nursery
Maintenance and Inspection Daily, depending on tides.
FLUPSY
Maintenance and Operation Daily
Clam Rafts
Maintenance and operation
Twice daily
Wet Storage Floats
Maintenance and operation
Daily
* Frequency of visits will depend on weather, low tides, crew availability and other factors.

4.4 Project Overview
Coast is proposing to extend regulatory approvals for the intertidal and subtidal acreage it currently
farms in North and Central Bay (described above).
Coast is also proposing to plant an additional 622 acres of intertidal longline aquaculture in two
Phases, with 210 acres planted in Phase I and 412 acres planted in Phase II. The expansion areas
were selected to avoid overlap with continuous eelgrass habitat, prime herring spawning locations in
the East Bay Management Area and channel margins.
During Phase I, Coast is proposing the following: 1) plant 150 acres of 10-ft spaced, double-hung
cultch-on-longline; 2) plant 6 acres of single-hung, 10-ft spaced cultch-on-longlines; 3) plant 50-acres
of basket-on-longline culture with 2 lines spaced 9-ft apart and a 16-ft space between groups of 2
lines; 4) plant 4-acres of rack-and-bag culture in areas that do not have eelgrass, including maintaining
a 25-ft buffer from existing eelgrass beds and/or plant an additional 4-acres of basket-on-longline
using the spacing described above; 5) increase the capacity of its existing FLUPSY by adding eight
new culture bins; 6) diversify the species cultivated in its existing clam rafts; and 7) relocate
approximately 820 existing cultch-on-longlines. As mitigation for potential impacts to eelgrass during
Phase I, Coast is also proposing to increase the spacing between longlines in 100 acres of its existing
culture from 2.5-ft to 10-ft and to double-hang the remaining longlines within the 100-acres. The
Coast Seafoods Company
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results of the eelgrass monitoring plan will be used to inform an adaptive management plan to ensure
that impacts and mitigation balance and that the Project results in no net loss of eelgrass.
In Phase II of Project implementation, Coast is proposing to plant up to an additional 412 acres of
10-ft spaced, single-hung, cultch-on-longline. Cultch-on-longline spaced at 10-ft intervals has been
shown to result in no net loss of eelgrass (see discussion in Sections 6.5.4 and 6.5.7). This impact
assumption will be verified via monitoring of Phase I culture (6 acres of 10-ft, single hung cultch will
be planted in Phase I) prior to implementation of Phase II.
In total, the Project would result in 922 acres of intertidal and subtidal shellfish culture, which
represents 21% of Coast’s owned and leased land. A map of the Phase I and II expansion is included
as Figure 4.15.
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Figure 4.15 Map of Project, with existing culture in North Bay, proposed Phase I and Phase II expansion, and 100-acre
mitigation area within existing culture.
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4.5 Project Characteristics
4.5.1 Project Objectives

The overall purpose of the project is to provide a comprehensive plan for management of Coast’s
owned and leased area and expansion of its shellfish farm to meet the increasing demand for its
product. The project is guided by several major objectives that will aid decision makers in their review
of the project and associated environmental impacts:
•

To expand Coast’s shellfish farm to increase future oyster production, meet Coast and Pacific
Seafood’s increasing customer demand for raw and shucked oysters, and regain access to
markets and customers lost after production decreases associated with the 2006 transition to
sustainable, off-bottom culture practices on a reduced footprint.

•

To conduct comprehensive eelgrass monitoring and develop sustainable oyster cultivation
practices that can be adapted to documented site conditions.

•

To create additional job opportunities and sustainable economic development for Humboldt
Bay and local jurisdictions.

•

To enhance a source of local sustainable seafood and reduce Humboldt County and
California’s reliance on imported seafood.

•

To provide comprehensive planning of Coast’s owned and leased areas in Humboldt Bay.

•

To develop a flexible farming plan that can adapt to Coast’s operational and management
needs, environmental conditions, and farm conditions.

•

To utilize Coast’s existing historic leased and owned areas while maintaining undeveloped
areas for habitat and recreational uses.

•

To locate oyster beds in areas with optimal growing conditions to maximize efficiency and
limit the spatial footprint of the farm.

•

To use a varied and diverse culture plot design to evaluate and determine the best method(s)
to sustainably grow oysters in eelgrass, including different spacing regimes and an adaptive
management plan that is responsive to the results of eelgrass monitoring.

4.5.2 Project Scope and Scale

The scope and scale of the Project was designed to meet Project objectives. Humboldt Bay is called
the “oyster capital of California” (California Legislature 2009) and Humboldt-grown oysters are
considered to be a “best-choice” seafood (The Monterey Bay Aquarium Seafood Watch) because,
among other things, their harvest has a low environmental impact. However, despite a growing
demand for seafood and a large national seafood trade deficit (more than 90 percent of seafood
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consumed in the United States is imported), California’s production of shellfish aquaculture is very
low, much lower, for example, than that of Washington State. At present, Coast is farming just 7
percent of the area it leases or owns in Humboldt Bay.
Coast significantly reduced its farmed acreage from approximately 1,000 acres to approximately 300
acres when it transitioned to sustainable, off-bottom culture methods in 2006. This transition also
saw a reduction in employment numbers from a peak of 120 employees in the mid-1990s to 70
employees today. Following the transition, Coast lost access to valuable markets and customers and
its operating costs have increased substantially while its revenues have declined. The proposed
expansion Project is designed to help Coast regain access to old markets and customers lost following
the 2006 contraction and to access new markets. Increasing Coast’s intertidal culture of oysters by
622 acres in Humboldt Bay will thus allow Coast to better meet consumer demand for its product
while reducing the U.S.’ reliance on imported seafood.
The Project will also contribute significantly to the local economy. Coast’s lessors, including the
Harbor District and City of Eureka, will benefit from increased lease payments tied to production.
The Project will also generate between 50-70 direct positions, primarily in the Humboldt area but
also at Coast’s processing plant in South Bend, Washington. Every additional dollar spent on shellfish
operations, is expected to generate approximately $1.97 worth of direct and indirect economic
activity. For additional information on the Project’s economic impact, see Appendix J.
4.5.3 Species Cultivated

The species proposed for cultivation are Kumamoto oysters, Pacific oysters, and Manila clams,
which are already cultivated by Coast on its existing acreage.
4.5.4 Project Implementation - Phase I

During Phase I of Project implementation, Coast is proposing a 210-acre expansion of intertidal
oyster culture using the same general culture methods that are used in its existing footprint (cultchon-longline and basket-on-longline), with the potential addition of 4 acres of rack-and-bag culture.
The Phase I expansion will include two different cultch-on-longline spacing regimes (treatments) and
one treatment of basket-on-longline culture, as described below. The Phase I expansion will also
include an increase in the capacity of Coast’s FLUPSY, diversification of the species cultivated in
Coast’s clam rafts, and relocation of 820 cultch-on-longlines. Finally, as part of Phase I, Coast will
implement a robust eelgrass monitoring program and expand cultch-on-longline spacing within 100acres of its existing footprint as mitigation for potential eelgrass impacts.
4.5.4.1

Continuation of Existing Culture

With the modifications described below, Coast is proposing to continue its existing operation as
part of the Project. This includes continued use of the FLUPSY, subtidal clam rafts, subtidal wet
storage floats, intertidal shellfish nursery, and intertidal longline aquaculture. Unless noted, these
operations will continue as described above.
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4.5.4.2

Intertidal Cultch-on-Longline Culture Expansion

Coast will grow Kumamoto and Pacific oysters using cultch-on-longline culture on a maximum of
156 acres of the 210-acre Phase I expansion area (see Figure 4.15). Cultch-on-longline will be planted
in two treatments, as follows: 150 acres of double-hung cultch-on-longlines using 10-ft spacing
(Figures 4.16 & 4.17) and 6 acres of single-hung cultch-on-longlines using 10-ft spacing (Figure 4.18).
Double-hung longlines have two rows of oysters strung vertically one on top of the other, with the
first (bottom) row at 8 inches above the substrate and the second (top) row at 16 inches above the
substrate. Double-hung longlines are supported by a set of two PVC pipes that will be set as close
together as possible in the substrate. Each set of 2 PCV pipes is spaced 2.5-ft apart (Figure 4.16).
In total, the expanded area will include approximately 12,852 additional cultch-on-longlines (12,600
arranged double-hung for a total of 6,300 rows and 252 single-hung). 5 Coast will also remove
approximately 6,043 lines from existing culture beds as it increases spacing from 2.5-ft to 10-ft on
100 acres of existing culture, as described below.
The frequency of visits to cultch-on-longline plots in the Phase I expansion area will be as described
in Table 4.2.

Figure 4.16 Configuration of double-hung cultch-on-longline.
This estimate is based on Coast’s conceptual planting design incorporating the proposed longline spacing. The final
planting design will be based on Coast’s operational needs, farm conditions, environmental factors, and conditions of
approval and mitigation measures. Coast reserves the right to modify the planting design as needed to respond to such
factors, provided that it is consistent with the overall project description and regulatory permits.

5
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Figure 4.17 Proposed configuration of 10-ft spaced, double-hung cultch-on-longline within
150 acres of Coast’s Phase I expansion area.
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Figure 4.18 Proposed configuration of 10-ft spaced, single-hung cultch-on-longline within 6
acres of Coast’s Phase I expansion area and as proposed for Phase II.
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4.5.4.3

Intertidal Basket-on-Longline Culture

Coast will plant Kumamoto oysters using basket-on-longline culture on between 50-54 acres of the
Phase I expansion area. Basket-on-longline will be planted with 2 lines spaced 9-ft apart, with each
group of 2 lines separated by a 16-ft gap (Figure 4.19). Basket-on-longline will be located at two tidal
elevations, with 20 acres planted above 1.3-ft MLLW and 30 acres planted below 1.3-ft MLLW. Tidal
elevations at or above 1.3-ft MLLW are less likely to support continuous eelgrass beds in Humboldt
Bay.
In total, Coast proposes to plant approximately 2,000 additional basket-on-longlines in Phase I. 6 The
frequency of visits to basket-on-longline plots in the expansion area will be as described in Table 4.2.

Figure 4.19 Proposed configuration of basket-on-longline within 50 acres of Coast’s Phase I
expansion area.

6

See footnote 6.
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4.5.4.4

Intertidal Rack-and-Bag

Coast will plant rack and bag culture (and/or basket culture, as described in Section 4.5.3.2) on a
maximum of 4 acres of the Phase I expansion area to grow Kumamoto and Pacific oysters (360 racks;
160 basket-on-longlines if baskets are used). The oysters are grown as “singles”, not attached to any
structure or to each-other, in polyethylene mesh bags on rebar frames. Each frame is 3 ft x 12 ft and
supports 3-6 bags attached to the frame via industrial rubber bands (Figures 4.20 & 4.21). A bag is
initially seeded with oysters and placed in intertidal areas. The bags are inspected up to three times
per week and flipped approximately once every two weeks. Oyster seeds grow to market size in onetwo years, depending on tidal height and primary productivity. Bags are harvested by hand (lifted
from the racks into a skiff), processed and brought to market. Three rows of rack and bag structures
are spaced 3 ft apart with an open row of 10 ft between groups of three racks lines, as illustrated in
Figure 4.21. Any rack and bag culture placed within the expanded area will be placed at least 25-ft
away from existing eelgrass beds. Operating and maintaining rack-and-bag plots is more intensive,
and culturists typically visit rack-and-bag plots on an almost daily basis (Table 4.3).
Table 4.3 Frequency of worker activity on rack-and-bag plots*
Culture Method
Type of visit
Frequency
Rack-and-bag
Harvesting/Planting
3/year. A crew will work through an
entire bed in 4 months at a rate of 12
days/acre and will pull and replace
beds in a different part of the bed each
day. Work will take place on a 5-6 day
per week schedule. A single area of
any one bed is typically visited only
once every 4 months.
Maintenance and
Crews typically work through a bed
Inspection
planted with rack-and-bag culture on
an almost daily basis; on some days,
crews might visit the whole bed and
on others work may be limited to
certain areas of a bed.
* Frequency of visits will depend on weather, low tides, crew availability and other factors.
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Figure 4.20 Rack and bag culture
in Humboldt Bay.

Figure 4.21 Rack and bag
culture configuration.
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4.5.4.5

Subtidal FLUPSY

As part of Phase I of the Project, eight upwell bins would be added to the FLUPSY as described in
Section 4.3.4 above. Each bin will be 3 ft long x 3 ft wide x 3 ft deep. The frequency of visits to the
FLUPSY will remain as described in Table 4.2.
4.5.4.6

Diversification of Species Cultivated on Clam Rafts

Coast’s array of 30 clam rafts is currently used to cultivate manila clams. As part of the Project, Coast
is seeking authorization to cultivate Pacific and Kumamoto oyster seed in the existing clam rafts.
There will be no change to the physical structure of the clam rafts to accommodate culture of Pacific
and Kumamoto oysters.
4.5.4.7

Relocation of 820 Cultch-on-Longlines

Prior to publication of the DEIR, the State Lands Commission questioned whether a small portion
of Coast’s existing culture footprint was within the bounds of its Harbor District lease or was located
on privately-held intertidal parcels. Coast has since executed a lease with the Manila Community
Services District for a 5-acre portion of the disputed acreage. Coast is proposing to relocate the
remaining approximately 5 acres of cultch-on-longline culture, which it has determined are located
on privately-held tidelands, to within the bounds of its Harbor District lease. In total, Coast proposes
to relocate 820 cultch-on-longline longlines, as depicted in Figure 4.22. There will be no change to
the total number of longlines or acres planted in Coast’s existing footprint as a result of the relocation.

Coast Seafoods Company
Recirculated Draft EIR

4-28

Humboldt Bay Harbor District
July 2016

Figure 4.22 Proposed relocation of 820 longlines from area of disputed ownership to within Harbor District lease.
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4.5.4.8

Monitoring, Mitigation, and Adaptive Management

In order to ensure that eelgrass impacts stay below the no net loss threshold of significance, the
Project incorporates compensatory mitigation, a statistically robust eelgrass monitoring plan, and
adaptive management. During Phase I of Project implementation, Coast will quadruple the spacing
of longlines within 100 acres of its existing footprint by converting from 2.5-ft, single-hung longlines
to 10-ft spaced, double-hung longlines. Figure 4.15. In total, Coast will remove approximately 6,043
single-hung longlines from its current footprint. Increasing the spacing between longlines is expected
to allow for recovery of eelgrass resources within the 100-acre area (See Section 6.5.8). As a result of
the 100-acre conversion, the total number of cultch-on-longlines on Coast’s existing acreage will
decrease from approximately 38,010 to 31,967 (a total of 8,400 of those lines will be double-hung or
arranged in 4,200 individual rows).
Coast will implement an eelgrass monitoring plan to verify expected eelgrass impacts and mitigation
uplift. The monitoring plan will be designed to verify the eelgrass impacts associated with the
different culture methods and configurations (treatments) described above: 10-ft spaced, single-hung
cultch-on-longline (as proof of concept for Phase II); 10-ft spaced, double-hung cultch-on-longline;
and basket-on-longline spaced at alternating 9-ft and 16-ft gaps. Monitoring will also be designed to
verify the expected uplift in eelgrass in the 100-acre mitigation area where longline spacing will be
expanded from 2.5-ft to 10-ft.
Coast met with agency representatives to review its proposed monitoring plan framework, attached
here as Appendix H, on June 8, 2016. As a result of that meeting, Coast agreed to submit the
monitoring plan for peer review. The peer review is being conducted by two independent experts
selected by agency representatives and is expected to conclude in August 2016. The results of the
peer review will be published, along with a detailed monitoring plan, in the Final Environmental
Impact Report for the Project.
Finally, Coast will undertake a detailed accounting of Phase I Project impacts and mitigation using
the information generated by the eelgrass monitoring plan. If impacts associated with Phase I are not
fully mitigated by expanding spacing on Coast’s existing acreage, Coast will follow a decision tree and
adaptive management plan to ensure that the Project’s impacts to eelgrass remain at net zero. Analysis
of monitoring plan results and implementation of the adaptive management plan will be conducted
in coordination with regulatory agencies. Monitoring, mitigation, and adaptive management are
further described in Section 6.5.7 and Appendix H.
4.5.5 Project Implementation - Phase II

During Phase II of Project implementation, Coast is proposing to plant a maximum of 412 acres of
10-ft spaced, single-hung, cultch-on-longline. Figure 4.18. In total, Coast is proposing to plant an
additional 17,304 longlines in Phase II. 7 Best available science suggests that single-hung longlines
spaced at 10-ft intervals result in no net loss of eelgrass resources (see Sections 6.5.4 and 6.5.7). That
hypothesis will be tested in Phase I and verified via the monitoring plan described above. If the results
of monitoring verify that 10-ft spaced, single-hung longlines result in no net loss of eelgrass resources,
7

See footnote 6.
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Coast will implement Phase II. If the impacts associated with 10-ft, single-hung longlines are found
to exceed the threshold of significance, Phase II will not be implemented until those impacts are
balanced with appropriate mitigation, as mandated by the decision tree and adaptive management
plan. Analysis of monitoring plan results and implementation of the adaptive management plan will
be conducted in coordination with regulatory agencies.
4.5.6 Project Operation and Maintenance

In order to operate and maintain intertidal culture in the expansion area (Phases I and II), Coast
would add up to two small watercraft to its fleet (one scow and one skiff) and operate its existing
harvest vessels more frequently (Table 4.4). The additional small watercraft would operate with the
same frequency as Coast’s existing vessels (one 4-hour trip, 5 days a week for the skiff and two 4hour trips, 5 days a week for the scow). However, with the exception of one skiff, all skiffs and scows
would carry a crew of seven rather than five workers. The Mary Elizabeth, used to harvest Kumamoto
oysters, would operate on one additional day a week but maintain an average of one 6-hour trip per
day. Coast’s harvest scow for hand-picked oysters, the Elusive, would operate two additional days
per week but maintain an average of one 4-hour trip per day. The number of crew on harvest vessels
would not change. In total, the Project would result in an additional 18 boat trips throughout the bay
per week, or an additional 74 boat hours.
Table 4.4 Summary of Coast’s Activity on the Bay under the Preferred Alternative*
Trips/
Hours/
Days/
Trip/
Hours/
Vessel Name
day
Trip
week
week
week
# of crew
Skiff 1
1
4
5
5
20
Skiff 2
1
4
5
5
20
Skiff 3
1
4
5
5
20
Skiff 4
1
4
5
5
20
Skiff 5
1
4
5
5
20
Scow 1
2
4
5
10
40
Scow 2
2
4
5
10
40
Scow 3
2
4
5
10
40
Pantherotti1
2
2
5
10
20
2
Mary Elizabeth
1
6
6
6
36
3
Elusive
1
4
4
4
16
Totals
75
292
* Totals represent maximum activity on the bay in a given week. Activity may be less than represented depending on
variables including weather conditions, crew availability, and market activity.
1 Clam vessel
2 Kumamoto oyster harvester
3 Harvest scow for hand-picked oysters
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4.6 Project Approvals
This EIR examines the environmental impacts of Coast’s Project and is also being prepared to
address various actions by the City of Eureka, Harbor District and others. The anticipated approvals
required for the Project include but are not limited to those shown in Table 4.5.
Table 4.5 Required Project Approvals
Agency
Humboldt Bay Harbor, Recreation
& Conservation District

Permit Type
Use Permit

City of Eureka

Conditional Use Permit

United States Army Corps of
Engineers

Section 10 Rivers and Harbors Act Permit

California Coastal Commission

Coastal Development Permit and Coastal Zone
Management Consistency Determination

North Coast Regional Water Quality
Control Board

Section 401 Clean Water Act Certification
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Section 5.0 Project Alternatives
5.1

Purpose and Scope

5.1.1 Purpose
Section 15126.6(a) of the CEQA Guidelines states that an EIR must address “a range of reasonable
alternatives to the project, or to the location of the project, which should feasibly attain the basic
objectives of the project, but would avoid or substantially lessen any of the significant effects of the
project and evaluate the comparative merits of the alternatives.”
Key provisions of the CEQA Guidelines on alternatives are summarized below to explain the
foundation and legal requirements for the alternatives analysis in the EIR.
•
•

•

•

•

•

“[T]he discussion of alternatives shall focus on substantially lessening any significant effects
of the project, even if these alternatives would impede to some degree the attainment of the
project objectives, or would be more costly” (CEQA Guidelines 15126.6(b)).
“The specific alternative of ‘no project’ shall also be evaluated along with its impact . . . The
no project alternative analysis is not the baseline for determining whether the proposed
project’s environmental impacts may be significant, unless it is identical to the existing
environmental setting analysis which does establish the baseline” (CEQA Guidelines
15126.6(e)(1).
“The ‘no project’ analysis shall discuss the existing conditions at the time the notice of
preparation is published, or if no notice of preparation is published, at the time environmental
analysis is commenced, as well as what would be reasonably expected to occur in the
foreseeable future if the project were not approved, based on current plans . . .” (CEQA
Guidelines 15126.6(e)(2).
“The range of alternatives required in an EIR is governed by a ‘rule of reason’ that requires
the EIR to set forth only those alternatives necessary to permit a reasoned choice. The
alternatives shall be limited to ones that would avoid or substantially lessen any of the
significant effects of the project. Of those alternatives, the EIR need examine in detail only
the ones that the Lead Agency determines could feasibly attain most of the basic objectives of
the project” (CEQA Guidelines 15126.6(f).
“Among the factors that may be taken into account when addressing the feasibility of
alternatives are site suitability, economic viability . . . other plans or regulatory limitations,
jurisdictional boundaries . . . and whether the proponent can reasonably acquire, control or
otherwise have access to the alternative site . . .” (CEQA Guidelines 15126.6(f)(1).
For alternative locations, “only locations that would avoid or substantially lessen any of the
significant effects of the project need be considered for inclusion in the EIR” (CEQA
Guidelines 15126.6(f)(1)(A).

5.1.2 Scope of Alternatives Analysis
This section describes four proposed project alternatives. The effects of the proposed alternatives are
analyzed in conjunction with the effects of the Preferred Alternative in Section 6.0. The
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environmentally superior alternative is identified in Section 5.4, below. Each alternative is evaluated
concerning its ability to meet the following project objectives:
•

•
•
•
•
•
•

•
•

To expand Coast’s shellfish farm to increase future oyster production, meet Coast and Pacific
Seafood’s increasing customer demand for raw and shucked oysters, and regain access to
markets and customers lost after production decreases associated with the 2006 transition to
sustainable, off-bottom culture practices on a reduced footprint.
To conduct comprehensive eelgrass monitoring and develop sustainable oyster cultivation
practices that can be adapted to documented site conditions.
To create additional job opportunities and sustainable economic development for Humboldt
Bay and local jurisdictions.
To enhance a source of local sustainable seafood and reduce Humboldt County’s and
California’s reliance on imported seafood.
To provide comprehensive planning of Coast’s owned and leased areas in Humboldt Bay.
To develop a flexible farming plan that can adapt to Coast’s operational and management
needs, environmental conditions, and farm conditions.
To utilize Coast’s existing historic leased and owned areas while maintaining undeveloped
areas for habitat and recreational uses.
To locate oyster beds in areas with optimal growing conditions to maximize efficiency and
limit the spatial footprint of the farm.
To use a varied and diver culture plot design to evaluate and determine the best method(s) to
sustainably grow oysters in eelgrass, including different spacing regimes and an adaptive
management plan that is responsive to the results of eelgrass monitoring.

5.2 Alternatives Considered and Rejected During Project Planning
Under CEQA, an EIR must include a discussion of alternatives to the project or its location that are
capable of avoiding or substantially lessening any significant effects of the project while feasibly
attaining most of the basic project objectives. Based on the Project objectives and potential significant
impacts of the new Preferred Alternative, the following discusses alternatives considered during the
scoping and planning process and the reasons why they were not selected for detailed analysis in the
R-DEIR.
5.2.1 Eelgrass Avoidance
The Project has been designed to maximize the expansion footprint in areas that support no more
than patchy eelgrass and to minimize the expansion footprint in areas of continuous eelgrass to the
extent practicable. The Project overlaps with 409.7 acres of continuous eelgrass (82.3 fewer acres than
the previous project) and 184.4 acres of patchy eelgrass (76.4 more acres than the previous project).
The Project also incorporates 41 acres of basket-on-longline and cultch-on-longline culture at tidal
elevations that are not likely to support continuous eelgrass coverage (+1.3’ MLLW).
Because it would severely restrict Coast’s ability to expand shellfish production in Humboldt Bay, an
alternative that would further reduce or eliminate the Project’s overlap with eelgrass habitat (both
patchy and continuous) (the Eelgrass Avoidance Alternative) was considered and rejected as infeasible
during project planning and scoping, as further discussed below. Because the Eelgrass Avoidance
Coast Seafoods Company
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Alternative would fail to meet the Project’s basic objectives, it is not further considered in this RDEIR.
Under the Eelgrass Avoidance Alternative, Coast would only expand intertidal shellfish culture in
areas within its existing leased and owned footprint that do not currently support dense or patchy
eelgrass. There is very little, if any, available acreage at productive elevations for oyster cultivation
within Coast’s leased and owned footprint that is not occupied by eelgrass. As shown in Figures 5.15.3, the vast majority of Coast’s leased and owned area is either above +1.6 MLLW, in areas occupied
by eelgrass, or in subtidal and tidal areas of the bay. Coast’s leased and owned area includes 673 acres
of patchy eelgrass beds (17% of total footprint) and 1,478 acres of continuous eelgrass habitat (38%
of Coast’s total footprint). 1 An additional 862 acres are not suitable for intertidal oyster cultivation,
given that these areas are characterized by primarily tidal and subtidal channels. The total combined
acreage occupied by subtidal or tidal areas and eelgrass is 3,013 acres, or 70% of Coast’s total footprint.
Only 149 acres of Coast’s leased and owned lands do not support continuous or patchy eelgrass beds
and are at tidal elevations best suited for oyster aquaculture—between -1 and +1.6 ft MLLW. Figures
5.4. Special Condition No. 5 of Coast’s existing Coastal Development Permit (CDP No. E-06-003)
required Coast to evaluate the feasibility of planting and harvesting oysters at elevations typically
unsuitable for eelgrass growth. The resulting study, attached here as Appendix C, measured the
differences in growth, biofouling, quality, and productivity of oysters grown in control plots at industry
standard elevations of +0.5’ to +1.0’ MLLW and in test plots at 1.5’-2.0’ above MLLW. The major
results of the elevation study indicate that oysters grown at the lower tidal elevations (+0.5 to +1.0 ft
MLLW) had significantly higher productivity compared to those grown at higher elevations (+1.5 ft
to +2.0 ft MLLW). 2 These study results align with observations made by Coast’s long-term farm
manager over many years, who has observed that oysters grown above an elevation of +1.5 ft MLLW
are less commercially viable than those grown in the ranges that overlap with eelgrass habitat. Given
the decreases in oyster productivity observed at higher tidal elevations, planting at tidal elevations at
or above +1.5 ft MLLW would be expected to reduce the quality, desirability and salability of Coast’s
product.
Areas within Coast’s existing leased and owned lands were prioritized as potential locations for
expanded culture because of the likely and significant delay, cost, and difficulty of pursuing new leases
with multiple additional landowners. Coast has leased the vast majority of its acreage from three
entities—the Harbor District, City of Eureka, and Karamu Corporation—for several decades. These
three leases were renewed in 2015-2016. If Coast were to look for potential expansion areas outside
of its leased/owned footprint, it would first need to identify areas in the Bay that were at suitable
shellfish growing elevations, that did not have eelgrass, and that had other requisite characteristics for
shellfish aquaculture—particularly water quality. This effort in itself would be time-consuming and
expensive. Assuming that Coast could identify suitable culture areas outside of its leased/owned
Information regarding amount of habitat within Coast’s leased areas is based on GIS representations of the legal
descriptions contained within Coast’s leases. These GIS representations are approximate and may not exactly reflect the
legal descriptions of the areas leased.
2 The Elevation Study, attached as Appendix C, showed a difference in both Kumamoto and Pacific oyster weight at
harvest between the control and test plots and in the number of Kumamoto oysters per cluster. However, there is a
potential source of bias in these results because the initial count of oysters planted in the control and test plots differed
from the number of oysters counted at harvest. The study recognizes this difference and attributes it to a likely error in
counting spat on shell before initial planting. This difference could also be explained by occurrence of a natural set of
oysters between the time of initial planting and final harvest.
1
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footprint, determining the ownership of those lands would also pose a significant challenge. 3
Moreover, the process of negotiating leases and/or sale agreements with multiple entities would be an
extremely uncertain and expensive process that could take years. For these reasons, conducting the
Project on lands not currently leased or owned by Coast was determined to be infeasible and was not
further considered. CEQA Guidelines § 15364.
Restricting Coast’s expansion to areas within its owned and leased areas that are without existing
eelgrass, combined with the difficulty in producing market-quality oysters at higher tidal elevations,
would severely limit Coast’s ability to increase its production of shellfish in Humboldt Bay. It would
be almost impossible to farm the 149 acres within Coast’s leased and owned footprint that are at
appropriate tidal elevations and without eelgrass: that acreage is made up of extremely narrow strips
of land scattered throughout the Bay that would be extremely inefficient to farm. Figure 5.4. Moreover,
a significantly reduced expansion would not create the scalability needed to make the expansion
Project economically viable. Increasing the cultivated area outside of eelgrass by cultivating at higher
tidal elevations would not only fail to meet the Project’s basic objectives, it would require a greater
farm footprint, given that the cultivated ground would be significantly less efficient for farming. For
all of these reasons, the Eelgrass Avoidance Alternative was rejected as infeasible.

3 For example, the Harbor District proposed its Humboldt Bay Mariculture Pre-Permitting Project (Pre-Permitting
Project) on intertidal acreage that the Harbor District believed was not in private ownership (Harbor District 2016, Vol.
2). After the Harbor District published a DEIR for the Pre-Permitting Project, the Department of State Lands
questioned whether much of the intertidal land within the project area was privately held. The Harbor District then
spent considerable resources examining land patents, mapping ownership and leases, and working with the Department
of State Lands to resolve ownership issues. Finally, the Harbor District determined that identifying all of the private
owners and executing leases or purchase agreements with them would be infeasible within the Pre-Permitting project
timeframe. (Harbor District 2016, Vol. 2). At the time of writing, the Harbor District was continuing to negotiate leases
with private tideland owners, however the timeframe for implementation of the intertidal portion of the Pre-Permitting
project is uncertain.
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Figure 5.1 Map of Coast’s leased and owned area with tidal elevations.
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Figure 5.2 Map of Coast’s leased and owned area with continuous and patchy eelgrass coverage.
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Figure 5.3 Map of Coast’s leased and owned area showing elevation and eelgrass coverage.
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Figure 5.4 Map of acreage within Coast’s owned and leased footprint that are at suitable oyster growing elevations
and do not contain eelgrass.
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5.2.2 Avoidance of East Bay Management Area
Certain comments received on the Draft IS and in response to the DEIR recommended avoiding
planting in the EBMA (“East Bay Avoidance Alternative”), noting that the Coastal Commission had
requested avoidance of the area as part of CDP No. E-06-003 issued for the existing footprint. 4 The
revised Project analyzed in this R-DEIR incorporates avoidance of the EBMA to the extent feasible,
including a significantly reduced overlap with prime herring spawning locations and with important
habitat at channel margins. The revised Alternative 2 described in Section 5.3.2 also includes a
significant pull-back from the EBMA that is similar to a true avoidance alternative, although under
that alternative Coast would still be permitted to plant along the fringes of continuous eelgrass in a
portion of EBMA.
The primary reason that the East Bay Avoidance Alternative was screened from further review is that
it would not avoid or substantially reduce a significant impact identified in the R-DEIR. The primary
reason that the East Bay Avoidance Alternative was suggested is that the East Bay provides ground
for herring spawn and is used by brant and other shorebirds. As further addressed in Section 6.0, the
R-DEIR has evaluated those impacts and determined that the Project, including the proposed
footprint in the East Bay Management Area, would result in a less than significant impact to such
species. Moreover, the East Bay has some of the best shellfish growing conditions in North Bay, with
excellent water quality, lower wave exposure, and increased upwelling correlated with peaks in
phytoplankton abundance. Expanding culture in this area will thus significantly further Project
objectives without creating any significant environmental impacts. Therefore, this alternative was
screened from further evaluation.
5.2.3 Alternative Culture Configurations Rejected from Further Consideration
In an effort to further reduce potential impacts to biological resources, Coast also considered and
rejected a number of alternative planting and spacing configurations and techniques for intertidal
aquaculture in the proposed expansion area. These alternate spacing regimes and techniques are
described below, along with their potential benefits and the reasons they were not considered further.

It is worth noting that the prior CDP was issued without a full environmental analysis provided by an EIR or the level
of analysis regarding herring, bird, and brant impacts associated with this Project.

4
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Table 5.1 Additional Culture Configurations Considered and Rejected.
Culture configuration
Potential Benefits
Reason Rejected
considered and rejected
Basket-on-longline culture at
Based on existing literature,
Economically infeasible. The
20-ft spacing between
and consistent with the
increase in production
longlines.
eelgrass impact analysis, it is
associated with 20-ft spaced
believed that wider spacing
lines would not be sufficient to
between longlines is correlated offset project costs.
with a reduction in potential
impacts to eelgrass.
Double-hanging cultch-onDecreases the number of PCV Technically infeasible. “T”
longline using 1 PVC pipe in a pipes planted in the substrate; shaped pipes are likely to break
“T” shape such that a longline allows an increase in
in the dynamic intertidal
would hang from either side of production with the same
environment, requiring
the cross-bar, with both
number of longlines, with all
additional maintenance and
longlines at the same height.
oysters cultivated at the same
clean-up.
tidal elevation.
Planting cultch longlines in
Alternating 1-ft and 10-ft
Planting longlines at 1-ft
closely-spaced pairs (1-ft
spaces would allow more open spacing was expected to
apart), with a 10-ft space
rows for eelgrass growth and
adversely impact eelgrass
separating each pair of lines.
would maintain reasonably
resources.
high production levels without
increasing longline height.
Planting cultch and basket
Generate additional data on
Infeasible to monitor due to
longlines in up to 6
the potential impacts of
sample size needed, restricted
configurations (treatments) in longline culture using different sampling window, and high
Phase I of the Project.
spacing between longlines.
cost.
This information could be
used to inform the adaptive
management plan and Phase II
of project development.

5.3 Alternatives Selected for Further Analysis
The alternatives described below were screened primarily on their potential to reduce or eliminate the
effects of the Project on eelgrass (see Section 6.5, Biological Resources). These alternatives may not
achieve the most basic Project objectives; however, for the purposes of providing a full range of
alternatives for the public and decision makers, this analysis is provided. Based on these criteria, four
project alternatives were identified that would: 1) continue Coast’s current shellfish culture activities
in Humboldt Bay and increase intertidal oyster culture by 622 acres using 10-ft spacing between cultchon-longlines; 2) continue Coast’s current shellfish culture activities in Humboldt Bay and implement
only Phase I of project development—a 210-acre expansion; 3) continue Coast’s current shellfish
culture activities in Humboldt Bay without expanding intertidal oyster culture; 4) discontinue Coast’s
existing shellfish culture operations in Humboldt Bay and remove associated infrastructure. Each
alternative’s environmental impacts are compared to the proposed Project in Section 6.0 and
determined to be environmentally superior, neutral, or inferior. However, only those impacts found
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significant and unavoidable are used in making the final determination of whether an alternative is
environmentally superior or inferior to the proposed Project.
5.3.1 Alternative 1: 10-Foot Spacing Alternative
Under Alternative 1, Coast would renew regulatory approvals for its existing shellfish culture activities
and add an additional 622 acres of intertidal oyster culture using 10-ft spacing between longlines
(Figure 5.5). The expansion area would include up to 618 acres of 10-ft spaced, single-hung cultch-onlongline and up to 4 acres of rack-and-bag and/or basket-on-longline culture at alternating 9-ft and
16-ft spacing. Based on best available science, as discussed more fully in Section 6.5.4 and 6.5.7, singlehung, 10-ft spaced cultch-on-longline is not expected to result in any significant impact to eelgrass
resources. Coast would implement a reduced monitoring plan under Alternative 1 to verify this impact
assumption and, if impacts to eelgrass are found to exceed the no-net-loss threshold of significance,
will implement adaptive management. To further reduce potential impacts to eelgrass, rack and bag
culture (or, if selected, basket-on-longline culture) would not be planted within 25-ft of existing
eelgrass beds.
In total, there would be a maximum of 26,124 cultch-on-longlines planted under Alternative 1 and up
to 360 racks (or 160 basket-on-longline longlines). 5 Similar to the Preferred Alternative, Coast would
also seek regulatory approval to add eight new upweller bins to its existing FLUPSY, cultivate Pacific
and Kumamoto oysters in its existing clam rafts, and relocate approximately 820 longlines from where
they are currently planted to an area within its Harbor District Lease. Alternative 1 would not include
phased implementation or compensatory mitigation.
While this alternative would allow Coast to increase its oyster production above current levels, the
total number of longlines and oysters planted would still be substantially less than under the Preferred
Alternative. Maintenance and harvest of 10-ft spaced, single-hung cultch-on-longlines is also less
efficient than maintenance and harvest of more narrowly-spaced lines or of double-hung lines at 10ft spacing. Therefore, while this alternative would meet Coast’s Project objectives, it would not further
the objectives as much as the Preferred Alternative.
Because the total number of acres planted would be the same as the Preferred Alternative, the total
number of boats and boat trips would stay the same as under the Preferred Alternative (see Table 4.4,
Project Description).
The impacts associated with Alternative 1 are discussed in greater detail in Section 6.0.

This estimate is based on Coast’s conceptual planting design incorporating the proposed longline spacing. The final
planting design will be based on Coast’s operational needs, farm conditions, environmental factors, and conditions of
approval and mitigation measures. Coast reserves the right to modify the planting design as needed to respond to such
factors, provided that it is consistent with the overall project description and regulatory permits.

5
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Figure 5.5 Areas Proposed for Continued and Expanded Shellfish Culture under
Alternative 1: 10-Foot Spacing. Note that Coast’s FLUSPY in Central Bay is not shown.
5.3.2 Alternative 2: Reduced Footprint Alternative
Under Alternative 2, Coast would renew regulatory approvals for its existing shellfish culture activities
and seek regulatory approval to implement the 210-acre expansion associated with Phase I of the
Preferred Alternative. (Figure 5.6). As with Phase I of the Project, the amount of culture type within
the expansion area would include 150 acres of double-hung, 10-ft spaced cultch-on-longline; 6 acres
of single-hung, 10-ft spaced cultch-on-longline; 50 acres of basket-on-longline at alternate 9-ft and 16ft intervals; and up to 4-acres of rack-and-bag and/or basket-on-longlines outside of existing eelgrass
beds (25 ft buffer). 6 As with Phase I of the Preferred Alternative, Alternative 2 would also include 100
acres of mitigation within Coast’s existing culture footprint and monitoring of eelgrass impacts and
mitigation uplift. In total, Coast would plant an additional 12,852 cultch-on-longline and remove 6,043
cultch-on-longline from the mitigation area (a net gain of 6,719 longlines). Coast would also plant an
additional 2,000 basket-on-longline and up to 360 racks/160 basket-on-longlines.

6

See Footnote 1.
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Because the expansion area footprint would be reduced compared to the Preferred Alternative, there
would be slightly fewer boat trips needed throughout the bay (Table 5.2). While Coast would still
require two additional small watercraft, existing harvesters would be run less often than under the
Project.
As with the Preferred Alternative, Coast would also seek regulatory approval to add eight new upweller
bins to its existing FLUPSY, cultivate Pacific and Kumamoto oysters in its existing clam rafts, and
relocate approximately 820 longlines from where they are currently planted to an area within its
Harbor District Lease.
While this alternative would partially meet the Project objectives, it would not fulfill the objectives to
the same extent as the Preferred Alternative due to the reduced expansion footprint. Because this
alternative does not include the Phase II expansion footprint, it would restrict Coast’s ability to
increase oyster production consistent with market demand and would significantly decrease the
economic benefits of the Project.

Figure 5.6 Areas Proposed for Continued and Expanded Shellfish Culture under Alternative
2: Reduced Footprint. Note that Coast’s FLUSPY in Central Bay is not shown.
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Table 5.2 Summary of Coast’s Activity on the Bay under Alternative 2, Reduced
Footprint.*
Trips/
Hours/
Days/
Trip/
Hours/
Vessel Name
day
trip
week
week
week
# of crew
Skiff 1
1
4
5
5
20
5
Skiff 2
1
4
5
5
20
5
Skiff 3
1
4
5
5
20
5
Skiff 4
1
4
5
5
20
2
Skiff 5
1
4
5
5
20
5
Scow 1
2
4
5
10
40
5
Scow 2
2
4
5
10
40
5
Scow 3
2
4
5
10
40
5
1
Pantherotti
2
2
5
10
20
5
2
Mary Elizabeth
1
6
5
5
30
4
Elusive3
1
4
4
4
16
4
Totals
74
286
50
* Activity may be vary depending on weather conditions, crew availability, and other factors.
1

Clam vessel
Kumamoto oyster harvester
3
Harvest scow for hand-picked oysters
2

5.3.3 Alternative 3: Existing Footprint Alternative
Under Alternative 3, Coast would renew regulatory approvals for its existing shellfish culture activities
but would not seek to permit additional intertidal culture in Humboldt Bay (Figure 5.7). As such, the
environmental baseline for the Project would not change. While this alternative would be more
protective of eelgrass, it would not meet the Project objectives. The frequency of activity on the bay
would not change under Alternative 3 (Table 4.1, Project Description).
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Figure 5.7 Areas for Continued cultivation under Alternative 3. Note that Coast’s FLUSPY
in Central Bay is not shown.
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5.3.4 Alternative 4: No Project Alternative
The No Project Alternative would prevent cultivation expansion by Coast under this Project and result
in the non-renewal of Coast’s existing permits for its existing cultivated area in Humboldt Bay.
Cessation of all related cultivation activities would occur and all existing infrastructure on Coast’s
owned and leased tidelands would be removed. This alternative would not accomplish any of the
Project objectives. In addition, as discussed more fully in Section 6.0, removal of existing culture
equipment could have potentially significant impacts on existing eelgrass beds and on other biological
resources.

5.4 Environmentally Superior Alternative
Generally, CEQA requires a lead agency to identify the “environmentally superior alternative” to avoid
or substantially lessen identified environmental impacts. If the “No Project” alternative is the
environmentally superior alternative, the CEQA Guidelines require that another alternative be
identified. As described more fully in Section 6.0, Environmental Analysis and Effects of Alternatives,
neither the Project nor any of the identified Alternatives would result in significant unavoidable
adverse impacts. Table 5.3 provides a comparison of the potential environmental impacts of the
Project and Alternatives.
Because no significant unavoidable adverse impact has been identified for the Project or any of the
proposed Alternatives, there is no alternative that is “environmentally superior,” as defined by CEQA.
However, for the benefit of the public, this DEIR identifies Alternative 1: 10-Foot Spacing
Alternative, as the environmentally superior alternative because it has less potential environmental
impacts but still accomplishes some of the Project’s objectives. Alternative 2: Reduced Footprint
Alternative, also accomplishes some of the Project objectives, but has identified significant impacts to
eelgrass that must be offset by compensatory mitigation. Alternative 3: Existing Footprint, has the
least potential impacts to the environment, but achieves none of the Project objectives. Alternative 4:
No Project, has fewer potential impacts to the environment than the Project, but similarly does not
achieve any Project objectives.
Table 5.3 Summary Comparison of Impacts by Alternatives, as compared to the Project.
Alternative 1:
10-Foot
Spacing

Impact Categories

Alternative 2:
Reduced
Footprint

Alternative 3:
Existing
Footprint

Alternative 4: No
Project

Cultural and
Archaeological
Resources

Less

Less

Less

Less

Aesthetics

Substantially
Similar
Less

Less

Less

Less

Less

Less

Less

Substantially
Similar

Substantially
Similar

Less

Less

Biological Resources
Air Quality
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Table 5.3 Summary Comparison of Impacts by Alternatives, as compared to the Project.
Alternative 1:
10-Foot
Spacing

Impact Categories

Alternative 2:
Reduced
Footprint

Alternative 3:
Existing
Footprint

Alternative 4: No
Project

Greenhouse Gases

Substantially
Similar

Substantially
Similar

Less

Less

Hydrology and Water
Quality

Substantially
Similar

Substantially
Similar

Less

Less

Hazards and
Hazardous
Substances

Substantially
Similar

Substantially
Similar

Less

Less

Recreation

Substantially
Similar
Substantially
Similar

Less

Less

Less

Less

Less

Less

Substantially
Similar

Less

Less

Less

Noise
Transportation and
Traffic
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Section 6.0 Environmental Analysis and Effects of
Alternatives
6.1 Introduction
This chapter describes existing conditions, pertinent laws and regulations, standards of significance,
analyzes the environmental impacts, identifies conservation measures, and proposes mitigation
measures for the following topics:
•
•
•
•
•
•
•
•
•
•

Cultural and Archaeological Resources
Biological Resources
Aesthetics and Visual Resources
Air Quality
Greenhouse Gas Emissions
Hydrology and Water Quality
Hazards and Hazardous Materials
Recreation
Noise
Transportation/Traffic

Potential impacts of the Project Alternatives are also evaluated.

6.2 Impacts Found Not to Be Significant
California Public Resources Code Section 21003(f) states: “it is the policy of the state that …[a]ll
persons and public agencies involved in the environmental review process be responsible for carrying
out the process in the most efficient, expeditious manner in order to conserve the available financial,
governmental, physical and social resources with the objective that those resources may be better
applied toward the mitigation of actual significant effects on the environment.” This policy is reflected
in the CEQA Guidelines Section 15126.2(a), which states that “[a]n EIR shall identify and focus on
the significant environmental impacts of the proposed project” and Section 15143, which states that
[t]he EIR shall focus on the significant effects on the environment. Section 15063[a] of the CEQA
Guidelines allow the use of an Initial Study to document project effects that are less than significant.
In accordance with CEQA Guidelines Section 15128, the Final IS explains why each of the following
environmental issues were determined not to be significant and are, therefore, not analyzed further in
the DEIR. Please refer to Appendix A for an explanation of the basis of these conclusions.
•
•
•
•
•

Agricultural Resources
Geology and Soils
Land Use and Planning
Mineral Resources
Population and Housing
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•
•

Public Services
Utilities and Service Systems

6.3 Growth Inducing Impacts
The purpose of the Project is to provide a comprehensive plan for management of Coast’s owned
and leased area and expansion of its shellfish farm to meet increasing demand for its product. The
Project would allow for an expansion of commercial mariculture activities in Humboldt Bay, create
jobs, and improve the local economy, while also increasing local and sustainable seafood production.
CEQA Guidelines Section 15126.2(d) includes fostering economic growth as a consideration when
evaluating the Project’s potential growth-inducing effects. A focus of the Humboldt Bay
Management Plan (HBMP 2007) is to encourage economic activity; the legislature included an
explicit direction to adopt this focus when creating the Harbor District.
The Project would not increase the local population but would employ up to 50 additional local
people. It is likely that these jobs would be filled by people already living in the region. The Project
would stimulate local economic activity, including for transport of the product and manufacturing of
shellfish culture equipment. The growth inducing aspect of the Project (i.e., revitalizing the local
economy) is considered to have a less than significant impact on the environment.
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6.4 Cultural, Archeological, and Tribal Cultural Resources
6.4.1 Existing Conditions
Humboldt Bay is the ancestral heartland of the Wiyot Indians, whose native language is affiliated with
the Algonquian language family and who had occupied the bay area for at least 2,000 years by the time
the first European maritime explorers entered the bay and the first American towns were established
in 1850. There are hundreds of known and undiscovered archaeological sites around Humboldt Bay
that evidence Wiyot history and prehistory. Today, citizens of Wiyot ancestry are affiliated with three
federally-recognized tribes located in the ancestral homeland: Blue Lake Rancheria; Bear River Band
of the Rohnerville Rancheria; and the Wiyot Tribe at Table Bluff Reservation.
The Wiyot Tribe has used Humboldt Bay for ceremony, gathering and subsistence since time
immemorial. The Wiyot Tribe considers Humboldt Bay’s extensive eelgrass beds as a cultural
landscape, as defined by California Public Resources Code Section 4.21074(a). In addition to being a
vital resource to The Wiyot Tribe for subsistence, eelgrass also serves as a habitat for a variety of
species of importance to The Tribe, including salmonids, Dungeness crab, Pacific herring, and other
aquatic species. Additional, a variety of tribally important avian species including waterfowl (e.g. ducks,
swan, and geese—especially black brant) and shorebirds (e.g. curlew), utilize eelgrass habitat and
associated species (e.g. macroinvertebrates).
Eelgrass beds thus form an important contribution to both the historical and contemporary cultural
heritage of The Wiyot Tribe. In addition to the value of the eelgrass itself, which was used for cooking,
the species it supports are essential to the Wiyot diet. Supported species also support other cultural
practices; for example, waterfowl feathers are used to make regalia for ceremony, including the World
Renewal Ceremony held on Tuluwat in the middle of Humboldt Bay. Impacts to eelgrass thus also
impact The Wiyot Tribe’s ability to engage in traditional subsistence hunting and fishing, as well as
have an impact on regalia making and The Wiyot Tribe’s ability to conduct ceremony.
Additional, general information on the cultural and archeological resources in the vicinity of the
Project area is found in a number of sources, including:
•
•
•
•

Humboldt Bay Historic and Cultural Resource Characterization and Roundtable. October
2008. Planwest Partners and the Cultural Resources Facility, Center for Indian Community
Development, Humboldt State University.
Humboldt County General Plan. Chapter 10, Section 10.6, Cultural Resources. November 20,
2008. Humboldt County Department of Community Services Development.
Humboldt Bay Management Plan Draft EIR. April 2006. Humboldt Bay Harbor, Recreation
and Conservation District.
Marina Center Mixed Use Development Project Draft Environmental Impact Report.
November 2008. ESA.

6.4.2 Pertinent Laws and Regulations
A number of state and federal historic preservation laws, regulations and policies address the need to
manage potentially significant and/or sensitive (e.g., human remains) archaeological and Native
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American resources identified during advance project or permit review or discovered inadvertently
and in “post-review” settings. These include:
•

•

CEQA: Requires analysis by the Lead Agency to determine if the Project will cause a
significant impact to “historical resources” and “tribal cultural resources,” including
archaeological and Native American sites. Project approval may be conditional, for example,
avoidance or mitigation (data recovery) of known archaeological resources, monitoring of
ground disturbing activities in identified sensitive areas by local Tribal Representatives and/or
professional archaeologists, and implementation of protocols for inadvertent archaeological
discoveries.
Section 106 of the National Historic Preservation Act: Requires analysis by the Lead Federal
Agency (that provides funding or a permit for the “undertaking”) and consultation with the
California State Historic Preservation Officer, Advisory Council on Historic Preservation,
culturally affiliated Native American Tribes, and others, as appropriate, to “resolve adverse
effects” on “historic properties” including archaeological and Native American sites. Section
106 is the key Federal historic preservation law, and final approval of the undertaking may be
conditional as specified in a legally binding Agreement among the parties.

Several laws and their implementing regulations spell out evaluation criteria to determine what
constitutes a significant ‘site’ or a significant ‘discovery’ during construction:
•
•

California Register of Historical Resources (RHR) criteria (California Code of Regulations,
Title 14, Chapter 3, CEQA Guidelines § 15064.5), for archaeological and Native American
resources qualifying for consideration under CEQA.
National Register of Historic Places criteria (36 CFR § 63), qualifying for consideration under
Section 106 review and the National Environmental Policy Act.

State laws call for specific procedures and timelines to be followed in cases when human remains are
discovered on private or non-federal public land in California. It includes penalties (felony) for
violating the rules for reporting discoveries, or for possessing or receiving Native American remains
or grave goods:
•

Section 7050.5 of the California Health and Safety Code and Section 5097.98 of the Public
Resources Code outline requirements for handling inadvertent discoveries of human remains,
including those determined to be Native American and associated grave goods found on
private or state lands (i.e., the Project area), and Public Resources Code 5097.99 (as amended
by SB 447) specifies penalties for illegally possessing or obtaining Native American remains
or associated grave goods.

Another California law imposes strong civil penalties for maliciously digging, destroying or defacing a
California Indian cultural or sacred site:
•

California Native American Historic Resource Protection Act of 2002 (SB 1816, adding
Chapter 1.76 to Division 5 of the Public Resources Code), imposes civil penalties including
imprisonment and fines up to $50,000 per violation, for persons who unlawfully and
maliciously excavate upon, remove, destroy, injure, or deface a Native American historic,
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cultural, or sacred site that is listed or may be listed in the California Register of Historic
Resources.
In addition, the Harbor District adopted a Protocol for Inadvertent Archaeological Discoveries for
Ground Disturbing Project Permits, Leases and Franchises (Harbor District Protocol) on April 22,
2015 (attached as Appendix I). Mitigation Measures CR-1, CR-2 and CR-3, below, are based on the
Harbor District Protocol.
6.4.3 Definition of Significance and Baseline Conditions
Significance criteria are those listed in the CEQA checklist. A project’s effects on tribal cultural and
cultural resources are significant if the project will:
1. Cause a substantial adverse change in the significance of an historical resource as defined in
CEQA Guidelines § 15064.5.
2. Cause a substantial adverse change in the significance of an archaeological resource pursuant
to CEQA Guidelines § 15064.5.
3. Directly or indirectly destroy a unique paleontological resource or site or unique geologic
feature.
4. Disturb any human remains, including those interred outside of formal cemeteries.
5. Cause a substantial adverse change in the significance of a tribal cultural resource, defined
in Public Resources Code section 21074 as either:
a. a site, feature, place, cultural landscape that is geographically defined in terms of
the size and scope of the landscape, sacred place, or object with cultural value to
a California Native American Tribe, that is listed or eligible for listing on the
California Register of Historical Resources, or on a local register of historical
resources as defined in Public Resources Code section 5020.1(k); or
b. a resource determined by a lead agency, in its discretion and supported by
substantial evidence, to be significant according to the historical register criteria
in Public Resources Code section 5024.1 (c), and considering the significance of
the resource to a California Native American tribe. 1
“Substantial adverse change” in the significance of a tribal cultural resource or historical resource
means physical demolition, destruction, relocation, or alteration of the resource or its immediate
surroundings such that the significance of an historical resource would be materially impaired (CEQA
Guidelines § 15064.5). Further, material impairment can happen when a project demolishes or
materially adversely alters a historical resource’s physical characteristics such that:
•
•

It affects the resource’s inclusion or eligibility for the California RHR.
It affects the resource’s inclusion or eligibility for a local RHRs.

The California Office of Historic Preservation lists the following four criteria for resources to be listed
in the California Register of Historic Resources:
1

As of the time of writing, there was a pending proposal from California’s Office of Planning and Research (OPR) to
update the CEQA Guidelines (14 Cal. Code Reg. § 15000 et seq.) and CEQA Checklist to include discussion of tribal
cultural resources, as mandated by the 2014 passage of AB 52. This document incorporates OPR’s proposed revisions
to the CEQA Checklist.
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•
•
•
•

Associated with events that have made a significant contribution to the broad patterns of local
or regional history or the cultural heritage of California or the United States (Criterion 1).
Associated with the lives of persons important to local, California or national history (Criterion
2).
Embodies the distinctive characteristics of a type, period, region or method of construction
or represents the work of a master or possesses high artistic values (Criterion 3).
Has yielded, or has the potential to yield, information important to the prehistory or history
of the local area, California or the nation (Criterion 4).

6.4.4 Effects Analysis of Proposed Project
Protection of historic, archeological and tribal cultural resources will be based on protocols that would
be implemented when resources are inadvertently discovered. Protection of biological resources with
significance as tribal cultural resources is further described in Section 6.5, Biological Resources.
Potentially significant impacts and related mitigation measures are described below.
IMPACT CR-1: Placement of equipment.
There are no identified or known historic, archaeological, or cultural resources on the Project site.
While such resources are unlikely given the intertidal location of the Project, posts and stakes placed
in the substrate to secure shellfish culture equipment could potentially disturb previously undiscovered
or unknown historic, archaeological or tribal cultural resources. Additionally, such resources could be
discovered by culturists when working in intertidal areas. Coast and the Harbor District met with
representatives of the Wiyot Tribe in Spring 2014 to discuss how the Project might impact historic,
archaeological and tribal cultural resources of interest to the Tribe; while the Tribe did not identify
any known cultural or archaeological sites within the Project, it requested inclusion of the below
mitigation measures to protect such resources if they are discovered during Project activities.
IMPACT CR-2: Impacts to eelgrass as a tribal cultural landscape.
As described more fully in Section 6.5, Biological Resources, the placement of oyster longlines in
patchy and/or continuous eelgrass has the potential to cause a significant impact to eelgrass resources
(see IMPACT BIO-3, -4, -6). Potential impacts to eelgrass associated with longline aquaculture include
reduction in eelgrass density under and around longlines, trampling, desiccation, and stranding. The
Project adopts “no net loss” as the threshold of significance for eelgrass resources. In order to ensure
that the potential eelgrass impacts remain below this threshold of significance, the Project incorporates
numerous Conservation Measures, including 10-ft spacing between cultch-on-longlines and
alternating 9 and 16 ft spacing between basket-on-longlines. In addition, the Project includes in-kind
compensatory mitigation for the remaining potentially significant impacts to eelgrass associated with
Phase I of Project development. Phase II is proposed using longline spacing and configurations that
are not expected to have any significant impact to eelgrass resources. The Project’s impact and
mitigation assumptions will be verified by monitoring during Phase I of Project implementation and
any discrepancies resolved through adaptive management. With mitigation, the Project will therefore
result in no net loss of eelgrass resources.
IMPACT CR-3: Impacts to other species with tribal cultural significance.
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The Project’s potential impacts to waterfowl and other species with cultural importance to The Wiyot
Tribe, including Dungeness crab and Black brant, are also further described in Section 6.5, Biological
Resources. With incorporation of applicable Conservation and Mitigation Measures, these impacts are
expected to be less than significant
6.4.5 Conservation Measures
The following Conservation Measures (BIO-1 through BIO-12) are designed to minimize the Project’s
potential impacts to biological resources, and thus to tribal cultural resources, to the greatest extent
practicable.
Conservation Measure BIO-1: Coast will not cause the intentional deposition of shells or
any other material on the seafloor.
Conservation Measure BIO-2: Longline spacing for new shellfish culture plots would
occur at 10-ft intervals for cultch-on-longline and alternating 9-ft and 16-ft intervals for
basket-on-longline.
Conservation Measure BIO-3: Monthly and post storm inspection of aquaculture plots
will occur to ensure that gear is properly maintained.
Conservation Measure BIO-4: Rack-and-bag culture plots would not be planted within
25 ft of an existing eelgrass bed.
Conservation Measure BIO-5: No anchoring of the longline harvester would be done so
as to shade the same area of eelgrass for a period exceeding 12 hours.
Conservation Measure BIO-6: Larger work boats would be anchored in the channel
outside of eelgrass beds and smaller skiffs would be used to access longlines where eelgrass
is present when the area is inundated.
Conservation Measure BIO-7: Boats will be operated in such a way as to minimize the
degree of sediment mobilization and avoid propeller scarring in areas of eelgrass.
Conservation Measure BIO-8: No dredging, hydraulic harvesting, “bed cleaning,” or any
other activities with a hydraulic harvester would occur.
Conservation Measure BIO-9: New shellfish culture plots will not be planted within
10 feet of a subtidal channel.
Conservation Measure BIO-10: Coast will not conduct any activity when a marine
mammal is observed hauled out in or near a culture area ready for planting, scheduled
maintenance, or harvesting until the mammal has left on its own and without provocation
from Coast.
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Conservation Measure BIO-11: Coast will not intentionally approach or harass marine
mammals during vessel transits.
Conservation Measure BIO-12: Coast will not intentionally approach or harass migratory
birds that are actively feeding or resting within the project area.
6.4.6 Level of Significance Before Mitigation
IMPACTS CR-1, CR-2 and CR-3 are potentially significant without mitigation.
6.4.7 Mitigation Measures
Mitigation Measures CR-1, CR-2 and CR-3 provide protocols for actions that will occur if historic,
archaeological or tribal cultural resources are discovered.
Mitigation Measure CR-1: Coast’s authorized point of contact for inadvertent
archaeological discovery.
Coast will designate an authorized point of contact (Cultural Resources POC) in the event of
inadvertent discovery of any cultural or archaeological resource or human remains or Native American
grave goods during Project implementation; Coast will ensure that the Harbor District has the name
and current contact information for its Cultural Resources POC.
Mitigation Measure CR-2: Protocols for inadvertent discovery of any cultural or
archeological resource.
Should an archaeological resource be inadvertently discovered during ground-disturbing activities, the
Tribal Historic Preservation Officers (THPO) appointed by the Blue Lake Rancheria, Bear River Band
of Rohnerville Rancheria and Wiyot Tribe shall be immediately notified and a qualified archaeologist
with local experience retained to consult with the Harbor District, the three THPOs, Coast, and other
applicable regulatory agencies to employ best practices for assessing the significance of the find,
developing and implementing a mitigation plan if avoidance is not feasible, and reporting in
accordance with the Harbor District’s Standard Operating Procedures, as memorialized in this
Mitigation Measure and as further laid out in the Harbor District Protocol.
1. Ground-disturbing activities shall be immediately stopped if potentially significant historic or
archaeological materials are discovered. Examples include, but are not limited to,
concentrations of historic artifacts (e.g., bottles, ceramics) or prehistoric artifacts (chipped
chert or obsidian, arrow points, groundstone mortars and pestles), culturally altered ashstained midden soils associated with pre-contact Native American habitation sites,
concentrations of fire-altered rock and/or burned or charred organic materials, and historic
structure remains such as stone-lined building foundations, wells or privy pits. Grounddisturbing Project activities may continue in other areas that are outside the discovery locale.
2. An “exclusion zone” where unauthorized equipment and personnel are not permitted shall be
established (e.g., taped off) around the discovery area, plus a reasonable buffer zone, by the
District, or party who made the discovery.
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3. The discovery locale shall be secured (e.g., 24-hour surveillance) as directed by the District if
considered prudent to avoid further disturbances.
4. Coast’s plant manager (located at 25 Waterfront Drive in Eureka) or party who made the
discovery and initiated these Protocols shall be responsible for immediately contacting by
telephone the parties listed below to report the find:
a. The Harbor District’s authorized POC, as listed in the Harbor District Protocol;
and
b. Coast’s Cultural Resources POC.
5. Upon learning about a discovery, the District’s POC shall be responsible for immediately
contacting by telephone the POCs listed below to initiate the consultation process for its
treatment and disposition:
a. THPOs with Blue Lake Rancheria, Bear River Band and Wiyot Tribe; and
b. Other applicable agencies involved in Project permitting (e.g., USACE, California
Coastal Commission, etc.).
6. In cases where a known or suspected Native American burial or human remains are
uncovered, the Humboldt County Coroner (707-445-7242) shall also be notified immediately,
along with the property owner of the discovery site. In addition, Mitigation Measure CR-3
shall be followed.
7. Ground-disturbing Project work at the find locality shall be suspended temporarily while the
District, the three THPOs, a consulting archaeologist and other applicable parties consult
about appropriate treatment and disposition of the find. Ideally, a Treatment Plan will be
developed within three working days of discovery notification. Where the Project can be
modified to avoid disturbing the find (e.g., through project redesign), this may be the
preferred option. Should human remains be encountered, the provisions of State laws shall
apply and Mitigation Measure CR-3 followed. The Treatment Plan shall reference appropriate
laws and include provisions for analyses, reporting, and final disposition of data recovery
documentation and any collected artifacts or other archaeological constituents. Ideally, the
field phase of the Treatment Plan may be accomplished within five (5) days after its approval,
however, circumstances may require longer periods for data recovery.
8. Any and all inadvertent discoveries shall be considered strictly confidential, with information
about their location and nature being disclosed only to those with a need to know. The
District’s authorized representative shall be responsible for coordinating any requests by or
contacts to the media about a discovery.
9. These Mitigation Measures shall be communicated to Coast’s field work force (including
contractors, employees, officers and agents) and such communications may be made and
documented at safety briefings.
10. Ground-disturbing work at a discovery locale may not be resumed until authorized in writing
by the District.
11. The plant manager or party who made the discovery and initiated these Protocols, shall make
written notes available to the Harbor District describing: the circumstances, date, time,
location and nature of the discovery; date and time each POC was informed about the
discovery; and when and how security measures were implemented.
12. The plant manager, Cultural Resources POC, or party who made the discovery shall record
how the discovery downtime affected the Project work schedule.
13. Treatment Plans and corresponding Data Recovery Reports shall be authored by
professionals who meet the Federal criteria for Principal Investigator Archaeologist and
reference the Secretary of the Interior’s Standards and Guidelines for Archaeological Documentation (48
Fed. Reg. 44734-44737).
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14. Final disposition of all collected archaeological materials shall be documented in a final Data
Recovery report and its disposition decided in consultation with Tribal representatives.
15. Final Data Recovery Reports, along with updated confidential, standard California site record
forms (DPR 523 series) shall be filed at the Northwest Information Center of the California
Historical Resources Information System and the Harbor District, with report copies
provided to the three identified THPOs.
Mitigation Measure CR-3: Protocols for inadvertent discovery of human remains and grave
goods.
In the event of inadvertent discovery of human remains or Native American grave goods during
ground-disturbing activities, work at the discovery locale shall be halted immediately, the Harbor
District and County Coroner contacted, and, consistent with State law, the following protocol
followed (in addition to the protocol described under Mitigation Measure CR-2).
1. If human remains are encountered, they shall be treated with dignity and respect. Discovery
of Native American remains is a very sensitive issue and serious concern of affiliated Native
Americans. Information about such a discovery shall be held in confidence by all Project
personnel on a need-to-know basis. The rights of Native Americans to practice ceremonial
observances on sites, in labs and around artifacts shall be upheld.
2. Violators of Section 7050.5 of the California Health and Safety Code may be subject to
prosecution to the full extent of applicable law (felony offense).
In addition, the provisions of California law (Section 7050.5 of the California Health and Safety
Code and Section 5097.98 of the California Public Resources Code) will be followed:
1. The Coroner has two working days to examine the remains after being notified of the
discovery. If the remains are Native American, the Coroner has 24 hours to notify the NAHC
in Sacramento at (916) 653-4082.
2. The NAHC is responsible for identifying and immediately notifying the most likely
descendant (MLD) of the deceased Native American. (Note: NAHC policy holds that the
Native American Monitor will not be designated the MLD.)
3. Within 48 hours of their notification by the NAHC, the MLD will be granted permission by
the property owner of the discovery locale to inspect the discovery site if they so choose.
4. Within 48 hours of their notification by the NAHC, the MLD may recommend to the owner
of the property (discovery site) the means for treating or disposing, with appropriate dignity,
the human remains and any associated grave goods. The recommendation may include the
scientific removal and non-destructive or destructive analysis of human remains and items
associated with Native American burials. Only those osteological analyses (if any)
recommended by the MLD may be considered and carried out.
5. Whenever the NAHC is unable to identify a MLD, or the MLD identified fails to make a
recommendation, or the property owner rejects the recommendation of the MLD and
mediation between the parties by NAHC fails to provide measures acceptable to the property
owner, he/she shall cause the re-burial of the human remains and associated grave offerings
with appropriate dignity on the property in a location not subject to further subsurface
disturbance.
Coast will also implement Mitigation Measures BIO-1 through BIO-4 to ensure that the Project does
not cause any significant impact to biological resources, and, thus to tribal cultural resources.
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Mitigation Measures BIO-1 through BIO-4 are described more fully in Section 6.5, Biological
Resources.
Mitigation Measure BIO-1: Existing culture longline spacing conversion and eelgrass
recovery. Existing culture longline spacing conversion and eelgrass recovery. Coast will
convert 100 acres of its existing culture footprint from 2.5-ft spaced, single-hung cultch-onlongline to double-hung cultch-on-longline.
Mitigation Measure BIO-2: Herring egg monitoring and consultation with CDFW. Coast
will ensure that all employees who supervise work on the tidelands are trained by a qualified
biologist to conduct pre-work herring spawn surveys. During the months of December
through March, trained Coast employees will perform a pre-work herring spawn survey at
each location where work is scheduled to take place to determine whether herring have
spawned on eelgrass, culture materials, or substrate. If herring spawn is observed, Coast will:
(1) notify the CDFW’s Eureka Marine Region office within 24 hours, and (2) postpone
activities on those beds until all eggs have hatched. In addition, Coast will work with CDFW
during spawning surveys to sample within culture gear and identify whether herring are
spawning in the longlines.
Mitigation Measure BIO-3: Marine Mammal Buffers and Avoidance. No activity involving
human disturbance will occur within 100 m of the area of Sand Island that is above mean
higher high water to avoid the harbor seal haul-out location and nesting birds on Sand
Island.
Mitigation Measure BIO-4: Existing culture longline spacing conversion and eelgrass
recovery. Coast will convert 100 acres of its existing culture footprint from 2.5-ft spaced,
single-hung cultch-on-longline to 10-ft spaced, double-hung cultch-on-longline.
6.4.8 Level of Significance After Mitigation
Implementation of Mitigation Measures CR-1, CR-2, and CR-3 would reduce IMPACT CR-1 to less
than significant levels. Therefore, no significant and unavoidable adverse impacts relating to historic
and archaeological resources remain.
Implementation of Mitigation Measures BIO-1 through BIO-4 would reduce IMPACT CR-2 and
IMPACT CR-3 to less than significant levels. Therefore, no significant and unavoidable adverse
impacts relating to tribal cultural resources remain.
6.4.9 Effects Analysis of Alternatives
IMPACTS CR-1, CR-2 and CR-3 would be less than significant with mitigation under all proposed
Project alternatives.
Alternative 1: 10-Foot Spacing Alternative
As with the Preferred Alternative, the placement of stakes and posts associated with intertidal
aquaculture under Alternative 1 has the potential to impact archaeological resources. While Alternative
1 would involve placement of aquaculture equipment on the same number of intertidal acres, the total
number of longlines and thus PCV pipes planted in the substrate would be substantially less than
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under the Preferred Alternative. Thus, while the same intertidal acreage will be occupied by culture
equipment under Alternative 1, the overall level of potential disturbance to cultural and archaeological
resources will be less than in the Preferred Alternative. In addition, because Alternative 1 will involve
only single-hung, 10-ft spaced cultch-on-longline, which has been shown to result in no net loss to
eelgrass resources, potential impacts to eelgrass, a tribal cultural resource, are also less than they would
be under the Preferred Alternative. Eelgrass monitoring, coupled with adaptive management, would
ensure that impacts to eelgrass are less than significant.
As with the Preferred Alternative, Mitigation Measures CR-1, CR-2, and CR-3, Conservation Measures
BIO-1 through BIO-12, and Mitigation Measures BIO 1 through BIO-4 would be implemented under
Alterative 1. IMPACTS CR-1, CR-2, and CR-3 will therefore be less than significant under Alternative
1.
Alternative 2: Reduced Acreage Alternative
As with the Preferred Alternative, the placement of stakes and posts associated with intertidal
aquaculture under Alternative 2 has the potential to impact historic, archaeological and tribal cultural
resources. Impacts to these resources would be less likely under Alternative 2 due to the reduced
footprint of intertidal culture as compared to the Preferred Alternative. Rather than a 622-acre
expansion area, Alternative 2 proposes 210 acres of additional intertidal culture (Phase I of the
Preferred Alternative). The total number of new longlines planted under Alternative 2 would also be
reduced from 29,852 to 12,852. As with the Preferred Alternative, if historic, archaeological or tribal
cultural resources are encountered, Mitigation CR-1, CR-2, and CR-3 would be implemented. Further,
Conservation Measures BIO-1 through BIO-12 and Mitigation Measures BIO 1 through BIO-4 will
also carry forward to ensure that impacts to eelgrass and other resources remain less than significant.
With mitigation, IMPACTS CR-1, CR-2 and CR-3 are thus considered less than significant under
Alternative 2.
Alternative 3: Existing Footprint Alternative
Under Alternative 3, there would be no change from baseline conditions and no additional potential
impact to historic, archaeological or tribal cultural resources. With Mitigation Measures CR-1, CR-2,
and CR-3, Conservation Measures BIO-1 through BIO-12, and Mitigation Measures BIO 1, BIO-2
BIO-3, and BIO-4, IMPACTS CR-1, CR-2 and CR-3 are considered less than significant under
Alternative 4.
Alternative 4: No Project Alternative
The removal of stakes, posts and other equipment associated with Coast’s current shellfish culture
activities has the potential to impact historic, archaeological and tribal culture resources. These
resources may be encountered during removal operations, which, similar to installation, would involve
some disturbance of the substrate in intertidal culture areas. As with the Preferred Alternative, if
historic, archaeological or tribal cultural resources are encountered, Mitigation Measures CR-1, CR-2,
and CR-3 would be implemented. In addition, while there would be a temporary disturbance to
eelgrass and other biological resources under Alternative 4, the overall, long-term impact on these
resources would be less than under the Preferred Alternative. With Mitigation Measures CR-1, CR-2,
and CR-3, IMPACTS CR-1, CR-2 and CR-3 are considered less than significant under Alternative 4.
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6.5 Biological Resources
This section describes the past and current conditions regarding biological resources in the Project
area that define the environmental baseline.
6.5.1 Existing Conditions
The following information discusses the existing conditions of Humboldt Bay, focusing on the natural
variability related to habitat in North Bay, historical and existing shellfish aquaculture, and biological
resources dependent on habitat in North Bay that could be affected by the Project.
6.5.1.1

General Habitat Conditions

Humboldt Bay is composed of three distinct sub-basins: (1) North Bay, (2) Entrance Bay, and
(3) South Bay (refer to Figure 4.1 provided in Section 4.0 Project Description above). Habitat within each
of these sub-basins is a mixture of unconsolidated sediment (or mudflats), eelgrass beds (both
continuous and patchy 1), coastal salt marsh habitat, macroalgae, and subtidal habitat. Humboldt Bay
habitats were mapped by NOAA (2012) using the emerging Coastal and Marine Ecological
Classification Standard (CMECS). This effort provides a valuable baseline for evaluating future
changes in habitat. Figure 6.5.1 includes the CMECS classifications for North Bay, as mapped by
NOAA (2012). The NOAA (2012) effort is based on 2009 aerial photography. There have been
updates within smaller areas (described in Section 6.5.1.3 below), but no comprehensive updates to
the CMECS within Humboldt Bay.
Native eelgrass (Zostera marina) is the dominant habitat of North Bay (38.6%). There are also smaller
amounts of subtidal habitats (12.4%), macroalgae (10.8%), and coastal marsh (7.0%) in the bay. North
Bay is also the main location for shellfish culture (3.4% of North Bay) in Humboldt Bay. In
considering the role of each of these habitats, species utilization and historical changes to the system
should be considered. As an example, the diking and filling of salt marsh habitat from the 1880s to
the 1980s resulted in significant impacts, including channel confinement, gradient increase, and
ongoing erosion of residual salt marsh habitat (Schlosser and Eicher 2012). Currently, the amount of
salt marsh habitat in Humboldt Bay is less than 10% of what it was historically. Similarly, there were
changes to sediments from historical operations related to shellfish culture (described in Section
6.5.1.4 below).
This analysis will take into account the ecological value of a habitat mosaic on species diversity,
connectivity between habitats (e.g., freshwater to estuarine), and resilience to natural and
anthropogenic changes. That said, the focus of the existing conditions section will be on eelgrass
because it is the dominant habitat in North Bay, and the habitat that is potentially the most affected
by the Project.

1

The DEIR uses the definitions of eelgrass beds provided by Schlosser and Eicher (2012):
•
Patchy eelgrass beds: >10% and <85% cover by eelgrass and larger than 0.01 hectare (0.025 acres).
•
Continuous eelgrass beds: >85% to 100% cover by eelgrass; variable density. An unvegetated area or patch of
macroalgae (<0.01 hectare within an eelgrass bed) was considered part of the continuous bed.
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Macroalgae
10.8%

Patchy Eelgrass
18.2%

Continous Eelgrass
20.4%

Shellfish Culture in
Continuous Eelgrass 0.3%

Coastal Marsh
7.0%

Shellfish Culture
Outside of Eelgrass 0.2%

Shellfish Culture
3.4%

Shellfish Culture in
Patchy Eelgrass
2.9%

Subtidal
12.4%

Unconsolidated Sediment
27.7%

Figure 6.5.1 Habitats in North Bay Classified under the Coastal and Marine Ecological Classification Standard.
Source: modified from Wagschal, pers. comm., 2015
Notes: Habitat areas based on data from NOAA 2012.
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6.5.1.2

Limitations to Eelgrass Growth

Based on data collected between 2005 and 2007, Humboldt Bay was noted as potentially being at, or
near, carrying capacity (Gilkerson 2008). While eelgrass appeared to expand further in 2009, based on
the NOAA (2012) data, there is more recent evidence that it may be receding from higher elevations
(Pacific Watershed Associates 2015, SHN 2015). The major controlling factors for eelgrass include:
(1) light, (2) temperature, (3) energy, and (4) nutrients (Figure 6.5.2). These controlling factors lead to
a natural variability for eelgrass areal extent and shoot density in North Bay, as discussed below.
Stressors
Invasive Species
Nutrient-driven
harmful algal blooms
Suspended sediment
Sea level rise
Overwater structures
Aquaculture
Bioturbation
Storms
Construction
Boat grounding/anchoring
Shoreline armoring
Dredging/Filling
Propeller wash/ boat wake
Anthropogenic contaminants
Disease
Organic matter
discharge/sulfides
Sea temperature rise
Freshwater input
Overfishing

Controlling Factors
Competition
Light

Eelgrass
Structure/Health

Substrata

Shoot density
Patch or meadow area
Shoot abundance
Aboveground biomass
Belowground biomass
Growth rate
Flowering
Genetic diversity

Energy

Temperature
Salinity
Herbivory
Nutrients

(Controlling factors in bold were designated as “High threat” for Puget Sound by Thom et al. 2011 )

Figure 6.5.2 Conceptual Model Describing Factors Affecting Eelgrass Structure and Health.
Light

Eelgrass requires light for photosynthesis, and the lower limit of growth is typically limited by light
availability at depth (Dennison 1987). The amount of light available depends on the depth of the water
column, the amount of dissolved material, and the amount of suspended material (e.g., phytoplankton,
sediment, etc.). Suspended sediments can limit light penetration and nutrients can stimulate growth of
phytoplankton in the water column, which then block light through back scatter or reflectance and
further limit photosynthesis. Light availability at depth appears to be greater for South Bay compared
to North Bay based on the depth at which eelgrass grows within these sub-basins, with eelgrass
growing at greater depths in South Bay (Table 6.5.1). North Bay also has more freshwater inputs,
which contribute to sediment load, higher suspended sediment potential, and higher nutrient load
(discussed later), which all can reduce water clarity.
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Table 6.5.1 Mean and Standard Deviations for the Upper and Lower Limits Suitable to the
Growth of Eelgrass in Humboldt Bay.
Suitable Extent
Lower Extent
Minimum
Mean
Maximum
Upper Extent
Minimum
Mean
Maximum
Source: Gilkerson 2008
MLLW = mean lower low water

Mean Depth (ft MLLW)
North Bay
South Bay
n=10
n=8
-1.5 ± 0.1
-3.3 ± 0.2
-3.1 ± 0.3
-5.6 ± 0.3
-4.5 ± 0.6
-6.9 ± 0.4
n=14
n=11
+0.4 ± 0.1
+0.2 ± 0.1
+1.4 ± 0.4
+1.0 ± 0.4
+4.7 ± 1.3
+2.6 ± 1.0

A number of environmental factors contribute to suspended sediment increases and, thus, reductions
in incidental light. Real-time turbidity was measured at various locations in Humboldt Bay and
Northern California through the Central and Northern California Ocean Observing System
(CeNCOOS) and by the Wiyot Tribe. Turbidity in Humboldt Bay varies both seasonally and daily.
Baseline levels for suspended sediments increase during the winter months, potentially due to
northward oceanic currents carrying sediment from the Eel River into Humboldt Bay (Opler 1992).
According to Shaughnessy (2014), the Eel River has the most clays of any river along the West Coast.
Turbidity spikes occur annually during rain and wind events that begin in September or October, with
the greatest frequency occurring between December and February (Figure 6.5.3). Wind stress increases
suspended sediment concentrations, in particular during winter low tides as the locally wind-driven
waves re-suspend sediment from the mudflats resulting in a spike in turbidity (Swanson et al. 2012,
Shaughnessy and Hurst 2014). Aside from higher energy winter storm events, daily suspended
sediment increases occur from natural bottom disturbance during low tides and strong wind events,
especially in the shallow North Bay mudflat habitat.
Temperature

Tidal exposure, resulting in desiccation stress, is one of the most important factors limiting the upper
extent of eelgrass. Coastal air temperatures are heavily influenced by sea surface temperatures, and a
recent study by Lebassi et al. (2009) indicated that air temperatures in coastal low lying areas have
cooled since the late 1940s. Based on recent data from CeNCOOS (2016) and the Wiyot Tribe (2016),
temperatures decreased slightly between 2004 and 2010 and then started increasing in 2011
(Figure 6.5.4). Eelgrass stress due to air exposure is primarily associated with short-term heat stressrelated desiccation events and leaf necrosis (Boese et al. 2005). This limitation is primarily associated
with the upper extent of eelgrass within patchy eelgrass habitat.
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Figure 6.5.3 Temporal Variation of Turbidity in Humboldt Bay (2004 to 2013).
Source: CeNCOOS 2016, EPA 2016, Wiyot Tribe 2016
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Figure 6.5.4 Temporal Variation of Water Temperature in Humboldt Bay (2004 to 2013).
Source: Source: CeNCOOS (2016), EPA 2016, Wiyot Tribe (2016)
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In a recent survey by Pacific Watershed Associates (2015), eelgrass conditions within the upper
elevation patchy eelgrass habitat was compared between 2015 and 2009. The survey was conducted
within three locations (ranging from 58.7 to 104.2 acres) of North Bay associated with the Humboldt
Bay Harbor, Recreation, and Conservation District Pre-Permitting Project (Pre-Permitting Project).
One of the main observations from this survey was that current conditions had approximately 20%
less eelgrass than was classified as eelgrass in 2009. At the same time, the comparison showed a
persistence of geomorphic features capable of supporting eelgrass habitat. The authors concluded that
these combined factors indicated that inter-annual variability in water temperature, water clarity, or
desiccation stress are the main factors in controlling eelgrass presence at higher elevations rather than
the persistence or disappearance of pond and channel features. Desiccation stress, especially, can be
a driver at higher elevations where there is an interaction between summer high temperatures and
extreme daytime low tides. Observations associated with eelgrass recession were corroborated in a
recent baseline survey of existing conditions within the Coast October 2015 DEIR proposed
expansion area by SHN (2015) where it was observed through aerial photography that eelgrass had
receded from higher elevations on the southern portion of Bird Island between 2009 and 2015.
Energy

Wave exposure is a major factor in controlling seagrass cover, and wave exposure indices have proven
instructive for predicting cover (Fonseca and Bell 1998). Wave exposure indices are used to compare
the relative exposure of different sites to wind-waves (Fonseca and Malhotra, 2010), which are
primarily controlled by the fetch distance. Wind-waves generate shear velocities, which impact the
seabed through re-suspension of sediments particularly in shallow water, as discussed above.
The seabed is also dynamic, and sediment movement over time may bury plants, expose roots, or
uproot plants (Kirkman and Kuo 1990, Preen et al. 1995). Gilkerson (2008) indicated that windgenerated waves and, therefore, shear stress is highest within the western half of North Bay, Entrance
Bay, and the North Bay Main Channel (Figure 6.5.5); the latter two correspond to the deepest portions
of the dredged shipping channel. These observations are consistent with comments by Costa (1982)
about the important influence of locally generated wind-waves as a driving force for sediment
transport in North Bay where there is a longer fetch than other regions of Humboldt Bay. Similar to
observations made by Kirkman and Kuo (1990) and Preen et al. (1995), water depth in Humboldt Bay
is in a constant state of change, especially within dredged channels which might be wider and deeper
than they would be naturally. This change in water depth results in changes to the relative importance
of wind-generated waves throughout the system and shifts locations where shear stress under windwaves is the greatest. The relative exposure index (REI) generated by Gilkerson (2008) identified areas
where eelgrass habitat may be prone to disturbance from wind and waves (Figure 6.5.5).
Nutrients

Nutrients enter Humboldt Bay via three pathways: municipal wastewater, runoff/stormwater, and
nearshore coastal waters. In the late 1950’s and early 1960’s Humboldt Bay was closed to shellfish
harvest after any amount of rainfall. This was due to runoff from agricultural lands, residential runoff,
collection system failures, and sewage treatment facility failures. During the late 1960’s and early
1970’s, Coast Seafoods, with assistance from the California Department of Health Services, U.S. Food
and Drug Administration, North Coast Regional Water Quality Control Board, City of Eureka, City
of Arcata, and the County of Humboldt, spent significant time, effort, and money to identify point
and non-point sources of pollution into Humboldt Bay. Once this identification process was
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accomplished, Coast and the agencies spent the next few years acquiring funding and developing plans
for improvements. Ultimately, several treatment plants were replaced and collection systems updated.

Figure 6.5.5 Relative Wave Exposure Index in Humboldt Bay.

Source: Gilkerson 2008;
Notes: REI was calculated on the basis of local exceedance wind data (velocity > 10 m/s), effective fetch,
bathymetry, a tidal stage of 1.5 m (4.9 ft) MLLW, and the proportion of time the wind blew from a given
bearing.
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In Eureka, a single, modern, highly efficient treatment plant replaced three old, poorly functioning
plants. The collection system was improved using pump stations and new lines, thereby substantially
reducing the frequency of system failures or overflows. The Eureka wastewater treatment plant was
specifically designed to release its treated water below shellfish growing water thresholds and
additionally to release its treated water on the outgoing tide to minimize any impacts to the water
quality of Humboldt Bay. The City of Arcata had to release directly into the bay above the oyster
growing areas, so the City created a state of the art wastewater treatment plant using a system of
marshes to secondarily treat its wastewater. The City of Arcata also releases at or below shellfish
growing water thresholds.
Even though major improvements to Humboldt Bay’s wastewater treatment occurred in the late
1970’s and early 1980’s, there are periodic discharges of untreated wastewater during storm events
when the capacity of the City of Eureka’s treatment plant is overloaded (HBWAC 2002 as cited in
NMFS 2005). Both these events and other non-point source runoff events from stormwater, although
potentially a significant source of nutrients, occurs primarily during the wet winter months when there
is little potential for nutrient uptake by flora and fauna in the bay.
In terms of the effects of nutrient loading into the system, residence time (or circulation) is a main
driver in whether a system will be sensitive to nutrients. As discussed in the Aquacultural Carrying
Capacity Analysis (Appendix E) and in IMPACT BIO-7 below, North Bay is characterized by strong
tidal circulation, with relatively higher tidal currents than other parts of Humboldt Bay because of the
large tidal prism (Borgeld and Stevens 2005). Tidal flushing of North Bay can occur over 7 to 40 tidal
cycles (3 to 20 days), but studies have shown that it is possible for a water parcel to travel from the
entrance of Humboldt Bay to the northern part of North Bay in as few as 6 hours during an extreme
high tide (Costa 1982).
Studies to determine the sensitivity of the system to nutrient loading (or eutrophication potential)
monitor phosphorus (or phosphates) and nitrogen (or nitrates). Changes in the amounts of nitrogen
and phosphorus in the aquatic environment can shift the competitive balance between aquatic
vegetation, allowing plants that can respond quickly to nutrients (e.g., macroalgae and phytoplankton)
to dominate. As these plants increase, light penetration decreases and shading increases, which can
alter the distribution of rooted species like eelgrass.
Tennant (2006) evaluated the nutrients in Humboldt Bay and reported that low ammonium and
seasonally low nitrate concentrations led to observed nitrogen:phosphorous ratios below the nutrient
limitation threshold of about 5.0 suggested by Thom and Albright (1990). Ambient ratios should
ideally be at 16:1 (the Redfield ratio), and ratios of less than 5:1 are considered to be limiting for
eelgrass (Thom and Albright 1990). Experimental applications of fertilizer to the sediment led to
significant decreases in eelgrass density and below ground biomass in North Bay. The author indicated
that this may have been due to phosphate toxicity, although it is unclear whether phosphate toxicity
is possible in Z. marina because of how the plant takes up nutrients. What the author concluded was
that North Bay eelgrass may be vulnerable to increases in nutrient loading (Tennant 2006).
Water quality monitoring by the Wiyot Tribe and CeNCOOS (Figure 6.5.6) for nitrates indicated that
nutrients follow a similar pattern in North Bay (Indian Island) as compared to ocean conditions (Bay
Entrance), with a few differences in the summer for nitrates that appear to correlate with peaks in
phytoplankton abundance. There may be an indication of nitrogen loading in the Mad River Slough
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area. Overall, current conditions appear to be stable for nutrients in North Bay, with no indication of
eutrophication. Given some evidence of sensitivity to nutrient loading (based on sediment fertilization
experiments) nutrients may be a potential controlling factor for eelgrass in North Bay and important
water quality parameters to monitor, especially considering the amount of agriculture surrounding
North Bay and the higher residence times.
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Figure 6.5.6 Temporal Variation of Nitrate and Silicic Acid in Humboldt Bay (2007-2009 and 2012-2014).

Source: Shaughnessy and Hurst 2014; Notes: Mad River Slough = North of Humboldt Bay; Indian Island = North Bay; Samoa Channel = Entrance Bay.
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6.5.1.3

Natural Variability of Eelgrass Habitat

There are a number of data sources in Humboldt Bay to provide an understanding of natural variability
in eelgrass habitat, although there are limitations to each data set. For example, the SeagrassNet (2015)
data spans the longest continuous time period (2007-2011 and 2013-2014) but the data were collected
only along two transects (one in North Bay and the other in South Bay). Similarly, data by Rumrill and
Poulton (2004) and SHN (2015) represents a wider range of sample locations, but only spans a limited
period of time (2001-2003 and 2015, respectively). The following information discusses available data
sets that provide an indication of natural variability in areal extent and shoot density of eelgrass habitat
in Humboldt Bay.
Areal Extent

Bay-wide mapping has occurred to some degree between 1959 and 2009 (Schlosser and Eicher 2012).
Data within this date range indicates that the areal extent of eelgrass ranged from a minimum of
840 acres in 1959 to a maximum of 3,577 acres in 2009 (Figure 6.5.7). However, comparing mapped
eelgrass between years may not be meaningful due to: (1) differences in mapping methods, and (2) the
fact that eelgrass distribution varies seasonally and mapping was not necessarily done during the same
season each year. While trends and inter-annual variability are difficult to determine from the bay-wide
mapping efforts, a review of the data suggests that eelgrass is extensive and relatively stable in
Humboldt Bay (Judd 2006, Gilkerson 2008, Schlosser and Eicher 2012). There also appears to be a
lot of natural variability, especially at higher elevations of North Bay, as discussed below.
Micro-topography (e.g., small channels and depressions) drives site conditions that affect eelgrass
distribution at higher elevations (>1.0 ft MLLW) within areas where eelgrass is classified as patchy
eelgrass. As noted above, this was discussed by Pacific Watershed Associates (2015) during a survey
within three locations of North Bay associated with the Pre-Permitting Project. Both Pacific
Watershed Associates (2015) and SHN (2015) noted a recession of eelgrass from higher elevations
between 2009 and 2015. Eelgrass at these higher elevations is present in locations that retain water for
long enough (i.e., reduce desiccation stress) without the water heating up above the threshold that
would support eelgrass. This results in patchy eelgrass often characterized by the term “leopard skin.”
Eelgrass at these higher elevations depends on this micro-topography in order to persist (Koch 2001,
Thom et al. 2003). It should also be noted that micro-topography can be ephemeral, and change with
major storm events, which would ultimately shift the location of eelgrass over time at higher elevations
and add to the natural variability of areal extent in the system. This ephemeral nature at higher
elevations leads to both a spatial and temporal component to patch dynamics.
Shoot Density

Eelgrass in Humboldt Bay tends to begin growing in April, and shoot density peaks in July before
declining again. Eelgrass shoot density can vary dramatically between years and even within the same
season, suggesting that differences in light penetration, temperature/desiccation stress, wind/wave
stress, and nutrient conditions can cause dramatic changes in overall productivity (Harding 1973).
Eelgrass shoot length typically reaches a peak in August or September, although in some years, shoot
length continues extending through December before die-back and storm damage reduce the plants
to an annual low in January (Schlosser and Eicher 2012). Based on summer shoot densities, average
densities have ranged from a low of 40±39 shoots/m2 to a high of 90±37 shoots/m2 (Figure 6.5.8).

Coast Seafoods Company
Recirculated Draft EIR

6.5-12

Humboldt Bay Harbor District
July 2016

2009
Figure 6.5.7 North Bay Eelgrass Areal Extent from 1959 to 2009.
Source: modified from Schlosser and Eicher 2012.
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Figure 6.5.8 North Bay Summer (June-August) Eelgrass Shoot Density.

Sources: Rumrill and Poulton 2004, Schlosser and Eicher 2012, SeagrassNet 2015, SHN 2015.
Note: No data were identified for the summer of 2006 and 2011-2013.
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6.5.1.4

Historical and Existing Shellfish Aquaculture

Coast began its Humboldt Bay shellfish aquaculture operation in the 1950s, and has conducted
activities on as many as 1,000 acres throughout its history (Figure 6.5.9). Historical shellfish operations
have potentially affected eelgrass areal extent. From 1955 to 2006, bottom culture and mechanical
(suction) dredge harvesting was the primary form of shellfish aquaculture operations in Humboldt
Bay, which resulted in reduction of eelgrass and a deposition of shell material during harvest
operations. In the summer of 1997, pursuant to a management plan submitted to the California
Department of Fish and Wildlife (CDFW) (Coast 1997), existing bottom culture operations were
transitioned exclusively to off-bottom culture, which has resulted in eelgrass moving back into areas
that were affected by previous activities. Studies evaluating eelgrass recovery indicate that Zostera
marina plants tend to recover from total removal in 4 m2 plots within a period of 2 to 4 years (Boese
et al. 2009, Ruesink et al. 2012) or longer than 4 years in drag dredged harvest areas in mud and silt
substrates (Tallis et al. 2009). Suction dredge harvested areas in Humboldt Bay were up to 10 acres
(40,469 m2) and, although impacts were originally documented by Waddell (1964), recovery from this
type of activity has not been reported in the literature. A review of the aerial imagery between 2003
and 2011 show that eelgrass is present in these dredged beds and indicates that there was substantial
recovery even within oyster longline plots (Figure 6.5.10). Note that the longlines shown in Figure
6.5.10 are spaced at 2.5 ft apart, and the two areas circled on the map were studied by Rumrill and
Poulton (2004) that looked specifically at recovery of eelgrass in oyster longline plots, as discussed
more in Section 6.5.4. The aerial imagery from the 2009 mapping effort (NOAA 2012, Schlosser and
Eicher 2012) also showed recovery of the same areas, which equates to approximately a 6-year
recovery period (2003 to 2009).
Interactions between eelgrass and shellfish aquaculture operations under current conditions are both
positive and negative. For example, at higher elevations (>1.0 ft MLLW) there are locations where
sediment accumulation and/or desiccation at the 2.5-ft spacing are potentially resulting in less eelgrass.
Conversely, in other locations at a similar elevation, there are depressions near the longline posts that
are potentially creating more eelgrass habitat. Pacific Watershed Associates (2015) indicated that the
persistence of geomorphic features (e.g., small channels and pools) at these higher elevations
consistently supports eelgrass. This observation associated with eelgrass at higher elevations is
consistent with many other studies associated with seagrass distribution and controlling factors (Koch
2001, Thom et al. 2003). Therefore, changes to micro-topography that is either supporting or
suppressing eelgrass is likely a consistent condition when gear is present. These interactions between
aquaculture gear and eelgrass are discussed in more detail within Section 6.5.4 below.
Similar to potential movement of sediment around the longlines, there also appear to be both positive
and negative effects on eelgrass due to shading. For example, there are a few locations within the
existing culture operations that have a non-native species of macroalgae, Sargassum sp., growing
attached to the lines. Because Sargassum floats in the water column, it can shade eelgrass below.
Conversely, there are also locations within the existing culture beds where shading is resulting in less
desiccation by limiting the effects from solar energy. In addition, research suggests that the presence
of filter feeding organisms can improve the clarity of water and provide better growing conditions for
eelgrass (Dame et al. 1984, Koch and Beer 1996, Newell 2004, Newell and Koch 2004). Eelgrass
growing both between and under the longlines within exiting beds indicates that the presence of
culture does not exclude eelgrass even at the 2.5-ft spacing of current aquaculture.
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Figure 6.5.9 Historical Shellfish Aquaculture Operations in Humboldt Bay within Coast Seafoods Owned and Leased Land.

Source: GIS layers provided by Wagschal, pers. comm., 2015.
Note: Lease boundaries are approximate based on a review of the legal description and do not represent surveyed locations
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Culture in East Bay – May 2003
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Culture in East Bay – June 2011
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Figure 6.5.10 Example of Eelgrass Recovery within Humboldt Bay from Historical Suction Dredge Operations, 2003 to 2011.
Source: GoogleEarth 2015
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Finally, there are also legacy shell deposition areas from previous culture operations that have modified
the sediment into more of a structured habitat than the original mudflat habitat, although the
ecosystem functions provided (e.g., prey resources) can be similar to eelgrass habitat. Areas that have
shell likely also have a lower eelgrass density due to the shell material on the substrate.
In summary, there is a complex array of interactions between current shellfish aquaculture and eelgrass
within North Bay, many of which are affected by elevation and sediment type, and result in both
positive and negative effects to eelgrass distribution.
6.5.1.5

Ecological Communities

The ecological communities in North Bay include two main types of habitats: subtidal and intertidal.
A general description of these communities is provided below.
Subtidal Communities

The subtidal community in Humboldt Bay is comprised of plant and animal species that inhabit areas
that are always inundated by water. Approximately 14.3% of North Bay is subtidal (see Figure 6.5.1).
Due to the numerous aquatic species that occur in the bay and estuaries, “functionally related” species
groups have been defined (HBMP 2007). Special status fish in this community include Pacific lamprey
(Entosphenus tridentatus), green sturgeon (Acipenser medirostris), white sturgeon (A. transmontanus), coho
salmon (Oncorhynchus kisutch), Chinook salmon (O. tshawytscha), steelhead (O. mykiss), coastal cutthroat
trout (O. clarki), and longfin smelt (Spirinchus thaleichthys). Commercially and recreationally important
species that use subtidal areas include Dungeness crab (Cancer magister), Pacific herring (Clupea pallasii),
rockfish (Sebastes spp.), and California halibut (Paralichthys californicus). Numerous bird and marine
mammal species also use subtidal areas.
Intertidal Communities

Intertidal areas include substrates exposed during lower tides and submerged during higher tides. The
tidal range in North Bay is approximately -2.0 ft to +8.5 ft MLLW. Intertidal areas in North Bay have
substrates that are comprised mainly of silty mud with some sand. The total surface area of North Bay
ranges from 11,900,000 m2 (2,941 acres) at MLLW to 34,500,000 m2 (8,525 acres) at mean high water
(MHW), and the total volume ranges from 48,000,000 m3 (38,914 acre-ft) at MLLW to 85,000,000 m3
(68,910 acre-ft) at MHW (Barnhart et al. 1992) 2.
There are six major channels in North Bay that cut across the mudflats (Figure 6.5.11). In some areas,
eelgrass forms dense beds, and, in other areas, eelgrass is sparsely distributed or absent. Species of
marine algae also occur on the mudflats, including red algae (e.g., Polysiphonia sp., Porphyra sp., and
Ceramium sp.), rockweed (Fucus sp.), and sea lettuce (Ulva sp.). There are also non-native marine algae
species in the bay, such as Sargassum sp., and non-native eelgrass (Zostera japonica). While Z. japonica is
present in North Bay, it is fairly limited in extent and is not inter-mixing with native eelgrass to the
extent that is occurring in other West Coast estuaries (e.g., Willapa Bay) based on information
presented in Schlosser and Eicher (2012).
2

Note that these values include subtidal habitat (910 acres). Together this includes habitat that is available for intertidal
communities.
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Figure 6.5.11 Major Channels in North Humboldt Bay.

Source: modified from Pinnix et al. 2005, Dale, pers. comm.., 2015.
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During high tides, fish can use the mudflats as foraging and nursery habitat. According to Schlosser
and Eicher (2012), "In summer, large numbers of flatfish, rockfish, sculpins and other juvenile fishes
move over flats at high tide to feed on mobile epifauna, sedentary infauna and protruding siphons and
tentacles. These demersal fish are opportunistic predators and their prey choice will reflect the infaunal
species distribution of the area." Various invertebrate species, including the commercially and
recreationally important Dungeness crab, can occur on mudflats during high tides and low tides. Some
of the benthic invertebrates that represent key salmonid prey resources are discussed below. Bird and
marine mammal species also use intertidal areas. These species are discussed throughout this
document.
6.5.1.6

Special Status Marine Aquatic Species Potentially Affected

This section focuses on marine aquatic species that are:
•
•
•
•

Likely to occur within or adjacent to the Project sites and potentially be affected by the Project.
Listed under the Endangered Species Act (ESA) or California Endangered Species Act
(CESA).
Listed as a Species of Special Concern or Fully Protected Species by CDFW.
Marine mammals protected under the Marine Mammal Protection Act (MMPA).

These species are referred to as “special status marine aquatic species.” Table 6.5.2 provides a list of
species for which the discussion of potential impacts to special status marine aquatic species will focus.
Note that black brant (Branta bernicla) and other birds will be discussed in a subsequent section.
Table 6.5.3 provides an indication of use by month for the special status marine aquatic species
discussed below.
Table 6.5.2 Special Status Marine Aquatic Species Potentially Affected by the Project.
Common Name

Scientific Name
Entosphenus tridentatus
Acipenser medirostris
Acipenser transmontanus
Oncorhynchus kisutch
O. tshawytscha
O. mykiss
O. clarki
Spirinchus thaleichthys
Zalophus californianus
Phoca vitulina
Phocaena phocaena

Status

Pacific lamprey
SSC
Green sturgeon – Southern DPS
FT, SSC
White sturgeon
SSC
Coho salmon – Southern OR-Northern CA ESU
FT, ST, SSC
Chinook salmon – California coastal ESU
FT
Steelhead – Northern California DPS
FT
Coastal cutthroat trout
SSC
Longfin smelt
ST, SSC
California sea lions
MMPA
Harbor seal
MMPA
Harbor porpoise
MMPA
Sources: CDFW 2016a, CDFW 2016b, NMFS 2016a
DPS = Distinct Population Segment; ESU = Evolutionary Significant Unit; FT = Federally Threatened;
ST = State Threatened; SSC = CDFW Species of Special Concern; MMPA = Marine Mammal Protection Act
Notes:
1. Special status bird species are addressed in Section 6.5.1.8 below.
2. Tidewater goby (Eucyclogobius newberryi) was not included in this analysis, although they are federally
endangered species, because they occur in “brackish (somewhat salty) water in shallow lagoons and
lower stream reaches where water is fairly still but not stagnant” (USFWS 2016). This type of habitat
will not be affected by the Project.
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3. Northern California brook lamprey (Entosphenus folletti) were not included in this analysis, even though
they are CDFW Species of Special Concern, because they are likely to use Humboldt Bay primarily as a
migratory route to freshwater spawning grounds. There are no known studies that have documented
their presence in North Bay or intertidal areas of Humboldt Bay.
4. Eulachon (Thaleichthys pacificus), Southern DPS, was not included in this analysis because there is no
critical habitat for these species in Humboldt Bay, and they are so rare that NOAA Fisheries (or
“NMFS”) indicated that they will not include them in their consultation for this Project (Goldsworthy,
pers. comm., 2016).

Table 6.5.3 Timing of special status marine aquatic species use in Humboldt Bay.
Species

Life Stage

Adult (up)
Pacific lamprey
Adult (down)
Green sturgeon
Adult/sub-adult
White sturgeon
Adult/sub-adult
Adult
Coho salmon
Juvenile
Adult
Chinook salmon
Juvenile
Adult
Steelhead
Juvenile
Adult
Coastal cutthroat
Juvenile
Adult
Longfin smelt
Juvenile
California sea lion Adult
Adult
Harbor seal
Pups
Harbor porpoise Adult

Timing
Jan Feb Mar Apr May Jun Jul

Aug

Sep

Oct Nov Dec

Based on limited description
Based on clear timing description
Sources: Goetz 1983, Kucas and Hassler. 1986, Cole 2004, HBWAC and RCAA 2005, Pinnix et al. 2005, Wallace and
Allen 2007, Burns 2008, Lowry et al. 2008, Israel et al. 2009, Schlosser and Eicher 2012, Ricker et al. 2014, CDFW
2016b, Pinnix, pers. comm, 2015, Wallace and Allen 2015
Pacific Lamprey

The Pacific lamprey is a CDFW Species of Special Concern (CDFW 2016b). It is the largest lamprey
in California, and adults can be up to 40 centimeters (cm) long. Pacific lamprey are widely distributed
throughout the coast of California (e.g., Klamath and Eel rivers) and inland to watersheds in the
Central Valley (e.g., San Joaquin River and Putah Creek). Similar to salmon, lamprey populations may
be anadromous or resident and have a number of distinct runs. For example, Anglin (1994 as cited in
CDFW 2016b) indicated that the Klamath River may have a spring-run of adults that spawn
immediately after upstream migration and a fall-run that wait to spawn until the following spring.
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According to CDFW (2016b), “the general run trend is low numbers of migrants in October and
November and higher numbers in the spring.”
Adult migrations through Humboldt Bay and into tributary streams have been documented in the
spring, but there is no information about potential fall migrations. In 2011 to 2013, upstream Pacific
lamprey migrants were collected by CDFW in the Freshwater Creek fish weir between February and
June, and downstream migrants were observed between March and July (Ricker et al. 2014). There
was no indication whether these lamprey were spring-run adults that spawned and immediately
migrated back to the ocean or whether they had remained in the freshwater for a longer period of
time. According to CDFW (2016b), most upstream movements occur at night.
Lamprey spawning sites are typically low-gradient riffles where a nest is built in the gravel (CDFW
2016b). Juvenile lamprey (ammocoetes) burrow in the sediment and feed in streams with low
velocities. After about 5 to 7 years in freshwater, lamprey undergo physiological changes (“smolting”)
into adults and migrate to the ocean where they live for about 4 years. Downstream smolt migration
typically occurs with high flow events in the winter and spring, with most movement occurring at
night. Adult lamprey are predators that attach to larger fish and feed on their body fluids, although
adults do not feed during spawning migrations (Beamish 1980). Predation when lamprey are not
migrating is typically confined to larger fish and marine mammals that occupy estuaries and nearshore
coastal areas. Estuaries may be as important to lamprey as they are to salmonids for foraging, holding,
and transition from freshwater to saltwater (and vice versa).
Sturgeon – Green Sturgeon and White Sturgeon

The green sturgeon is a long-lived, slow-growing fish species, listed as threatened under the Federal
ESA (NMFS 2016a) and as a CDFW species of special concern (CDFW 2016b). Mature males range
from 4.5 ft to 6.5 ft and they do not reach sexual maturity until about 15 years, while mature females
range from 5 ft to 7 ft and do not mature until they are 20 to 25 years (Kelly et al. 2007). Maximum
ages of adult green sturgeon can range from 60 to 70 years. The southern distinct population segment
(DPS) green sturgeon generally occur from Graves Harbor, Alaska to Monterey, California (Moser
and Lindley 2007).
Green sturgeon are considered the most marine-oriented of all the sturgeon species in North America
(Moser and Lindley 2007). Juveniles enter bays and estuaries after only a year in freshwater and remain
in marine waters until they return as adults to spawn. While green sturgeon are not expected to spawn
in any of the Humboldt Bay tributaries, adults and sub-adults use the bay for foraging habitat. Green
sturgeon typically access non-spawning estuaries in the summer and early fall months, and sturgeon
have been documented in Humboldt Bay between April and October (Pinnix, pers. comm., 2015).
Adults and sub-adults are regularly observed in deeper channels of Humboldt Bay, channel margins
and mudflats when the tideflats are inundated during high tide, and around Sand Island in North Bay.
Foraging sturgeon tend to frequent areas less than 33 ft deep, moving on and off mudflats with tidal
fluctuations (Kelly et al. 2007). While they have been observed in mudflats and along eelgrass margins
(Pinnix, pers. comm., 2015), green sturgeon do not typically frequent shallow habitat where shellfish
aquaculture is located. Based on data related to feeding pits of green sturgeon in Willapa Bay,
Washington, sturgeon appear to have a preference for mudflat habitat without eelgrass and with high
densities (>10 shrimp/m2) of burrowing shrimp (Patten and Norelius 2016, Moser et al. in press). While
sturgeon can use areas with eelgrass, it does not appear to be a preferred habitat, depending on distance
from a main channel. Because sturgeon are a larger fish, they tend to stay within deeper channels and
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make foraging excursions; there is some evidence that feeding pits are aggregated closer to channels
where shrimp densities are higher and substrate is softer (Patten, pers. comm., 2016). As elevation
increases, substrate tends to get coarser, which influences foraging preference by green sturgeon.
Individual green sturgeon can be wide ranging in their migration patterns, and have been shown to
move up and down the West Coast. For example, two fish tagged in Willapa Bay, Washington were
later documented on a spawning migration up the Klamath and Sacramento rivers; a journey of more
than 1,000 km (Moser and Lindley 2007). Similarly, green sturgeon recorded in Humboldt Bay from
2006 to 2008 were tagged in various locations, including Willapa Bay (Washington), Grays Harbor
(Washington), the Rogue River (Oregon), San Pablo Bay (California), and the Sacramento River
(Pinnix, pers. comm., 2015). It is likely that sturgeon are using bays, like Humboldt and Willapa, in the
summer for foraging on invertebrates, particularly burrowing shrimp (Moser and Lindley 2007).
Like the green sturgeon, white sturgeon is a long-lived, slow-growing anadromous fish species. It is a
CDFW species of special concern (CDFW 2016b). Mature males range from 2.5 ft to 3.5 ft and they
do not reach sexual maturity until about 10 to 12 years, while mature females range from 3 ft to 4.5 ft
and do not sexually mature until they are 12 to 16 years (CDFW 2016b). Maximum ages of adult white
sturgeon have been known to be nearly 100 years, although more commonly, fish collected in
California are no more than 27 years (CDFW 2016b). White sturgeon generally occur from Cook Inlet,
Alaska to Ensenada, Mexico (PSMFC 1996).
White sturgeon spend most of their lives in nearshore oceanic waters, bays (including Humboldt Bay),
and estuaries, although they prefer estuaries of large rivers (PSFMC 1996). The only known selfsustaining spawning population in California is in the Sacramento River, although spawning is believed
to also occur in the San Joaquin, Klamath, and Eel rivers (Israel et al. 2009). While white sturgeon are
not expected to spawn in any of the Humboldt Bay tributaries, adults and sub-adults likely use the bay
for foraging habitat. Similar to green sturgeon, burrowing shrimp are a key prey item for white
sturgeon. Juvenile white sturgeon have been shown to prefer water greater than 12.5 meters (m) in
the Columbia River (McCabe and Tracy 1994). Juvenile and adult white sturgeon prefer deeper water,
although they are occasionally found foraging in shallower habitats (Israel et al. 2009, CDFW 2016b).
Salmonids – Coho Salmon, Chinook Salmon, Steelhead Trout, and Coastal
Cutthroat Trout

Humboldt Bay supports three salmonid species that are listed as threatened under the Federal ESA
(NMFS 2016a): coho salmon Southern Oregon-Northern Coastal California (SONCC) evolutionary
significant unit (ESU), the Northern California steelhead trout distinct population segment (DPS), and
the California coastal Chinook salmon ESU. The coho salmon SONCC ESU is also listed as
threatened under CESA. Additionally, Humboldt Bay supports coastal cutthroat trout, a CDFW
species of special concern (CDFW 2016b).
Salmonid life history is characterized by periods of adult upstream migration, spawning and egg
development, fry and juvenile development, juvenile downstream migration, and stream-estuary
ecotone rearing. Channels within marsh habitats may be of particular importance to juvenile salmonids
because of the high insect and invertebrate prey resources and potential refuge from predators
(Bottom et al. 2005). There is significant use of the tidal portions of Humboldt Bay tributaries,
including Freshwater Creek, Elk River, and Salmon Creek by juvenile salmonids (Wallace 2006,
Wallace and Allen 2007, Wallace and Allen 2015). While this stream-estuary ecotone is very important
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for salmonid survival, most of the Humboldt Bay sloughs are contained between levees and the
adjacent marshes were converted to pasture lands over the last 150 years.
Sampling efforts in eelgrass beds of Humboldt Bay have not resulted in the capture of juvenile
salmonids. For example, Pinnix et al. (2005) sampled over a two-year period (August 2003 to August
2005) using fyke nets, shrimp trawls, beach seines, purse seines, cast nets, and minnow traps. The
authors identified a diverse and abundant fish community using the mudflats, oyster culture, and
eelgrass meadows in Humboldt Bay, including a total of 49 species from 22 families of fishes.
However, over the two years of sampling, no salmonid species were captured in any of the six different
types of sampling gear employed in these studies. Another long-term study was conducted from June
1994 through August 1995 and then again from May 2003 through May 2006 in a small eelgrass bed
adjacent to the main channel near the mouth of Entrance Bay (Garwood et al. 2013). The study
collected 43 species representing 20 families of fishes, but only one juvenile steelhead and no other
salmonids were collected throughout the six-year study.
There are two basic life history strategies for juvenile coho salmon in Humboldt Bay tributaries
(Wallace and Allen 2007). The first strategy includes coho salmon that rear in the upper estuary (near
salt marsh habitat) for the summer and migrate back upstream to over-winter, and the second strategy
include coho salmon that rear in the lower estuary (e.g., intertidal habitat of Humboldt Bay) and then
migrate to the ocean. A recent study in Humboldt Bay, California, by Pinnix et al. (2013) used acoustic
transmitters that were surgically implanted into out-migrating coho salmon smolts that exhibited this
second life history strategy. Coho salmon smolts spent more time in the stream-estuary ecotone
compared to the lower estuary. During their residency in Humboldt Bay, coho salmon smolts primarily
used deep channels and channel margins and lasted an average of 15 to 22 days before migrating out
to the open ocean. Coho smolts were also detected near floating eelgrass mats adjacent to the channels,
but not over eelgrass beds. The results from this study emphasize the importance of edge habitat and
the need for structural heterogeneity during salmonid residency and migration through Humboldt Bay.
During out-migration, prey resource abundance is critical to juvenile salmonid survival. Identified prey
resources within California estuaries, and along the entire West Coast, are displayed in Table 6.5.4.
Juvenile Chinook salmon and coho salmon have similar diets that primarily consist of various fish and
benthic invertebrates (Brodeur et al. 2007). As juvenile salmonids grow and move out to the open
ocean, they transition from a less piscivorous diet (i.e., including more amphipods and crab larvae) to
one that consists largely of high lipid content fish (Daly et al. 2011). A study by MacFarlane (2010)
indicated that juvenile Chinook salmon require less prey in the estuary, equivalent to one northern
anchovy (Engraulis mordax) per day, compared to a range of one to four anchovies needed per day in
the ocean.
Availability of prey resources and diet of juvenile salmonids vary inter-annually and seasonally. Based
on a sampling effort off the coast of California (Hunt et al. 1999), important prey items for juvenile
Chinook included euphausiids, crab larvae, Pacific herring, and squid in May and June. In August and
September, the dominant prey included Pacific sandlance, surf smelt, northern anchovy, and
euphausiids. Dungeness crab larvae are also common prey items throughout the California coast and
may be an important factor in seasonal migration. For example, Wild and Tasto (1983) reported that
the spring arrival of Dungeness crab larvae in nearshore ocean waters coincided with the northward
migration of salmonids.
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Table 6.5.4. Prey Resources of Salmonids along the West Coast.

Prey Species
Coho Salmon
Chinook Salmon
Phylum
Order
Common Name
Mar Apr May Jun General Mar Apr May Jun Jul Aug Sep General
Annelida
Oligochaeta
Polychaete Worms
X
Annelida
Polychaeta
Oligochaete Worms
X
X
X
X
X
Arthropoda Amphipoda
Corophid Amphipods
X
Arthropoda Amphipoda
Gammarid Amphipods
X
X
X
X
X
X
X
X
X
Arthropoda Amphipoda
Hyperiid Amphipods
X
X
X
X
Arthropoda Copepoda
Calanoid Copepods
X
X
X
Arthropoda Copepoda
Harpacticoid Copepods
X
X
X
X
X
Arthropoda Cumacea
Cumaceans
X
X
X
X
X
X
Arthropoda Decapoda
Crangonoid Shrimp
X
Arthropoda Decapoda
Decopod Larvae
X
X
X
Arthropoda Decapoda
Dungeness Crab Larvae
X
X
X
X
Arthropoda Decapoda
Shrimp (general)
X
X
X
X
X
X
Arthropoda Diptera
Diptera
X
Arthropoda Euphausiacea
Euphausids
X
X
X
X
X
X
X
X
X
Arthropoda Isopoda
Isopods
X
X
X
Arthropoda Isopoda
Sphaeromatidae
X
Arthropoda Mysida
Mysid Shrimp
X
X
X
X
X
X
X
Arthropoda Ostracoda
Ostracods
X
Arthropoda Tanaidacea
tanids
X
X
X
Arthropoda
Drift Insects (terrestrial)
X
X
X
X
X
X
X
Mollusca
Teuthida
Squid
X
X
Chordata
Clupeiformes
Northern anchovy
X
X
Chordata
Clupeiformes
Pacific herring
X
X
X
X
Chordata
Osmeriformes
Surf smelt
X
X
Chordata
Perciformes
Pacific sand lance
X
X
X
Chordata
Gadiformes
Pollock
X
Chordata
Scorpaeniformes
Rockfish
X
X
X
X
Chordata
Fish Larvae (general)
X
X
X
X
Sources: California-specific information in bold: Cross et al. (1978), Fresh et al. (1981), Simenstad et al. (1981), Daly et al. (2011), Wild and Tasto (1983), Hunt
et al. (1999), Rumrill and Poulton (2004), Brodeur et al. (2007)
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In terms of the overall diet composition for juvenile salmonids, it is common for one prey species to
represent the most important component of the diet in one year and a small proportion of the diet in
the following year (Hunt et al. 1999, Brodeur et al. 2007). This is most likely due to the variation in
prey resource abundance and availability in a specific region (Hunt et al. 1999). Overall, salmonids are
indiscriminant consumers, and it is important for estuaries to provide a diversity of prey resources
during out-migration of juvenile salmonids.
Forage Fish—Longfin Smelt

Longfin smelt are small, pelagic fish listed as threatened under the CESA and as a CDFW species of
special concern (CDFW 2016b). Longfin smelt are known to occur in Humboldt Bay, but little is
known regarding their distribution, abundance, or life history. The longfin smelt is a short-lived
(generally 2 years) species. Adults spawn in low salinity or freshwater areas within the lower reaches
of coastal rivers and the buoyant larvae are swept into more brackish waters where they rear and then
move to marine waters. Spawning is believed to occur in tributary watersheds to Humboldt Bay
between November and April when water temperatures are below 16°C.
Marine Mammals – California Sea Lions, Harbor Seals, and Harbor Porpoises

California sea lions are restricted to middle latitudes of the eastern North Pacific. There are three
recognized management stocks: (1) U.S. stock from Canada to Mexico, (2) western Baja California
stock, and (3) Gulf of California stock (Lowry et al. 2008, Carretta et al. 2009). Breeding colonies only
occur on islands off southern California, along the western side of Baja California, and in the Gulf of
California (Heath and Perrin 2008). California sea lions feed on fish and cephalopods, some of which
are commercially important species such as salmonids, Pacific sardines (Sardinops sagax), northern
anchovy, Pacific mackerel (Scomber japonicus), Pacific whiting (Merluccius productus), rockfish, and market
squid (Loligo opalescens) (Lowry et al. 1991, Lowry and Carretta 1999, Weise 2000, Lowry and Forney
2005). California sea lions do not breed along the Humboldt County coast. However, non-breeding
or migrating adults may occur in Humboldt Bay year-round.
Harbor seals are widely distributed throughout the northern Atlantic and Pacific oceans. They occur
along coastal waters, river mouths, and estuaries (Burns 2008, Lowry et al. 2008). Harbor seals
consume a variety of prey, but small fishes predominate in their diet (Tallman and Sullivan 2004). In
Northern California, pupping peaks in June and lasts about two weeks; pups are weaned in four weeks
(Burns 2008). Foraging occurs in a variety of habitats, from streams to bays/estuaries to the open
ocean, and harbor seals can dive to depths of almost 500 m (Eguchi and Harvey 2005). Harbor seals
breed along the Humboldt County coast and inhabit the area throughout the year (Sullivan 1980).
Harbor seals use Humboldt Bay as a pupping and haul-out area; other nearby haul-out sites are located
in Trinidad Bay and the mouths of the Mad and Eel rivers. The main pupping locations for harbor
seals in Humboldt Bay are in South Bay (Laughlin 1974).
Harbor porpoises are distributed throughout the coastal waters of the North Atlantic, North Pacific
Oceans, and the Black Sea. In the North Pacific, they range from Point Conception, California, to as
far north as Barrow, Alaska, and west to Russia and Japan (Gaskin 1984, Angliss and Allen 2009,
Carretta et al. 2009). Harbor porpoises from California to the inland waters of Washington have been
divided into six stocks (Carretta et al. 2009), with three additional stocks occurring in Alaskan waters
(Angliss and Allen 2009). Porpoises from Humboldt County are included in the SONCC stock that
extends from Point Arena, California, to Lincoln City, Oregon (Carretta et al. 2009). Harbor porpoises
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have been observed throughout the year at the entrance to and within Humboldt Bay, usually as single
individuals but sometimes in groups, with a maximum size of 12 animals (Goetz 1983). Abundance
peaks between May and October, and porpoises are most abundant in Humboldt Bay during the
flooding tide.
6.5.1.7

Commercially
Affected

Important

Marine

Aquatic

Species

Potentially

This section focuses on marine aquatic species that are:
•
•

Likely to occur within or adjacent to the Project sites and potentially be affected by the Project.
Commercially or recreationally important marine aquatic species.

These species are referred to as “commercially important marine aquatic species,” including
Dungeness crab, Pacific herring, rockfish, and California halibut. Table 6.5.5 provides an indication
of use by month for the commercially important marine aquatic species discussed below.
Table 6.5.5 Timing of commercially important marine aquatic species use in Humboldt Bay
Species
Dungeness crab
Pacific herring
Rockfish
California halibut

Life Stage
Adult
Juvenile
Adult
Juvenile
Adult
Juvenile
Adult
Juvenile

Jan

Timing
Feb Mar Apr May Jun Jul Aug

Sep

Oct Nov Dec

Based on limited description
Based on clear timing description
Sources: Cole 2004, Fodrie and Mendoza 2006, Williamson 2006, Mello 2007, Studebaker and Mulligan 2009, Schlosser
and Eicher 2012
Dungeness Crab

Following the closure of the salmon fishery and reduction of the groundfish fleet, the Dungeness crab
fishery provided one of the most profitable fisheries in California (Hackett et al. 2009). The
commercial fishery is managed by CDFW and the recreational fishery is managed by the California
Fish and Game Commission. Sport catch is estimated to be 1% of the commercial catch (CDFW
2013). Dungeness crab landings in California have averaged 10.3 million pounds over the past 50
seasons, rising to 16.0 million pounds over the 10 seasons leading to 2011. Adults are rare in Humboldt
Bay (Emmett et al. 1991), and the majority of landings occur in the open ocean off the coast in the
vicinity of Humboldt Bay.
Dungeness crabs are highly mobile, living in sandy to sand-mud substrates of bays and estuaries and
the open ocean at depths less than 750 ft as adults (CDFW 2013). Juvenile Dungeness crabs are found
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in bays and estuaries from March to July (Wild and Tasto 1983). There are also abundant crab larvae
in the planktonic community of the bay in November through February. Adults are rare in Humboldt
Bay (Emmett et al. 1991), and the majority of landings occur in the open ocean off the coast in the
vicinity of Humboldt Bay.
Habitat use for crabs depends primarily on life stage and size. For example, Williamson (2006)
reported that juvenile crabs (mean sizes from 12.2 mm to 35.0 mm) in South Bay were positively
correlated with dense eelgrass, areas with less variability in shoot length, and closer proximity to the
channel. This study collected juvenile crabs in eelgrass ranging from 212 to 1,016 shoots per square
meter (m2) and distances ranging from 4 m to 75 m from a channel. Small crabs were more prevalent
in habitat characterized by higher shoot density than larger crabs. Small juvenile crabs may be
associated with high density eelgrass as a predator avoidance mechanism (Fernandez et al. 1993).
Similarly, in Willapa Bay, adult Dungeness crabs primarily used unstructured muddy areas to feed,
adult rock crabs (Cancer productus) used oyster aquaculture areas, and juvenile crabs of both species
preferred shell deposits and oyster aquaculture areas over eelgrass and unstructured habitat
(Dumbauld et al. 2000, Holsman et al. 2006).
Pacific Herring

Pacific herring are small, pelagic fish (also considered forage fish, but not a special-status species as
defined above). Herring use Humboldt Bay primarily for spawning and nursery habitat. According to
Ray (pers. comm., 2015), herring are present along the coast and make some exploratory excursions
into Entrance Bay until they are ready to spawn. This is similar to the pattern of the San Francisco
Bay herring stock (Moser and Hsieh 1992, Bollens and Sanders 2004). Herring enter California bays
and estuaries from October to April (peak from December to February), remain for one to three
weeks without feeding, spawn, and then leave within days (Moser and Hsieh 1992, Bollens and Sanders
2004, CDFW 2006). Adults will hold in deep channels of estuaries to ripen for up to two weeks and
then move to shallow areas to spawn (Ray, pers. comm., 2015). As observed by Bollens and Sanders
(2004), juvenile herring abundance in San Francisco Bay peaks in February or March, and juvenile fish
use the bay for rearing until about August when they migrate out to nearshore coastal waters. Pacific
herring were collected as part of the mid-water assemblage in North Bay between 2003 and 2005. The
general trend of herring abundance included low numbers in March, peak abundance from April
through June, and then low numbers again from August to October (Pinnix, pers. comm., 2015).
Overall, there are not many deep areas in Humboldt Bay for adult herring to remain long-term, but
the bay is used extensively for nursery habitat of larval and juvenile fish.
Rabin and Barnhart (1986) reported that Pacific herring spawn in both North and South bays, but
most spawning occurs in the northern end of the bay. The authors indicated that this is possibly due
to an interaction between herring and freshwater inflows where low-salinity conditions may stimulate
herring spawning. Although eelgrass is the principal substrate used for spawning in Humboldt Bay,
the densest beds did not have spawn deposition during the most recent surveys (Mello 2007, Ray,
pers. comm., 2015). A typical spawning event involves the deposition of herring eggs on approximately
300 acres of eelgrass in North Bay (Mello and Ramsay 2004). This represents less than 10% of available
eelgrass used in each spawning event.
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Groundfish – Rockfish and California Halibut

Both rockfish and California halibut in Humboldt Bay are a commercially- and recreationallyimportant species (Warner 1982). Some rockfish species (e.g., yelloweye rockfish and bocaccio) are
considered to be part of the deepwater assemblage and primarily use rocky substrates at depths greater
than 151 ft, whereas other species (e.g., copper, brown, and black rockfish) are part of the nearshore
sedentary assemblage that live in close association with rocky habitats at depths less than 120 ft
(Schlosser and Bloeser 2006, Bargmann et al. 2011). The juvenile life stage of certain species (e.g.,
black and copper rockfish) are more common within shallower depths and non-rocky substrates such
as sand, mud, and areas with kelp or eelgrass (Schlosser and Bloeser 2006, Studebaker and Mulligan
2009, Garwood et al. 2013). The larvae are pelagic and found in the upper mixed zone of the ocean
before metamorphosing into juveniles and moving closer to shore (Larson et al. 1994 as cited in Parker
et al. 2000). Humboldt Bay is primarily habitat for juvenile rockfish (i.e., it does not support much
suitable adult habitat), and juvenile rockfish are present in eelgrass and nearshore habitats primarily
from May to October (Studebaker and Mulligan 2009).
A study by Schlosser and Bloeser (2006) was conducted in estuaries and nearshore sites in California
and Oregon, including Humboldt Bay, in June 2003 through December 2005. One of the main goals
of the study was to “identify habitat associations of juvenile rockfish, cabezon and kelp greenling.”
The study results indicated that the most common species (in order of abundance) included black,
copper, grass, and blue rockfish, which accounted for 91% of the 1,814 rockfish collected. The most
highly used habitat types by juvenile rockfish in Humboldt Bay included mud associated with drift
algae and pilings. Mud (or sediment with clay or silt) is a prominent habitat in North Bay
(Figure 6.5.12).
A study on the feeding habits of juvenile black and copper rockfish in eelgrass habitats of Humboldt
Bay (Studebaker and Mulligan 2009) reported that gammarid amphipods and copepods were the
dominant prey items. This is in general agreement with other studies that indicate rockfish feed
predominantly on planktonic and epifaunal crustaceans (see references as cited in Studebaker and
Mulligan 2009). In addition, there was a diet shift in copper rockfish over the course of the study from
small planktonic crustaceans to larger epifaunal caprellid amphipods as the fish grew larger, whereas
black rockfish showed no preference in diet over time.
Adult California halibut live in nearshore waters ranging from 1 to 100 m deep (Kramer and Sunada
1992 as cited in Fodrie and Mendoza 2006). Spawning occurs in pulses throughout the year, but peaks
typically occur in February, July, and October. Larvae are planktonic for 3 to 4 weeks and settlement
occurs in shallow coastal habitats. Fodrie and Mendoza (2006) conducted an analysis of the availability,
usage, and contribution of potential nursery habitats for the California halibut in San Diego County.
The authors indicated that there is approximately a 50/50 relationship of halibut that use protected
embayments for nursery habitat compared to exposed coasts. Densities of fish in protected
embayments (similar to Humboldt Bay) were highest at depths less than 2 m. In addition, fish densities
were significantly different between vegetated and unvegetated bottoms, where juveniles (smaller than
250 mm) avoided areas covered by kelp forest, understory algae, or surfgrass. This is in agreement
with other work that indicates that California halibut is one of the few fishes whose abundance was
much higher in unvegetated areas compared to eelgrass beds (Valle et al. 1999, Bloeser 2000).
Drawbridge (1990 as cited in Valle et al. 1999) reported that juvenile California halibut (smaller than
63 mm) prefer bare sand over eelgrass in the laboratory because they use the sand to partially bury
themselves to avoid predation.
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Figure 6.5.12 Sediment Types within the Existing Culture and Proposed Expansion Areas.
Source: Shapiro and Associates 1980
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6.5.1.8

Special-Status Birds Potentially Impacted

This section focuses on special-status bird species that are:
•
•
•

Likely to occur within or adjacent to the Project sites and potentially be affected by the Project.
Listed under the Endangered Species Act (ESA) or California Endangered Species Act
(CESA).
Listed as a Species of Special Concern or Fully Protected Species by the CDFW.

These species are referred to as “special status bird species.” Table 6.5.6 provides a list of species on
which the discussion of potential impacts to special status bird species will focus.
Table 6.5.6 Special Status Bird Species Potentially Affected by the Project
Common Name
Scientific Name
Status
Marbled Murrelet
Brachyramphus marmoratus
FT, SE, SS
Western Snowy Plover
Charadrius nivosus
FT, SSC
California Brown Pelican
Pelecanus occidentalis californicus
FD, SD, FP
Black Brant
Branta bernicla nigr
SSC
Sources: CDFW 2016a, CDFW 2016b,
FT = Federally Threatened; FD = Federally Delisted; SE = State Endangered; SD = State Delisted; FP =
CDFW Fully Protected; SS = CDFW Sensitive; SSC = CDFW Species of Special Concern
Marbled Murrelet

The marbled murrelet (Brachyramphus marmoratus) occurs along the Pacific coast from Alaska to
California, foraging nearshore in marine subtidal and pelagic habitats for small fish and invertebrates
(USFWS 1992). Nesting occurs in mature, coastal coniferous forest with nest cups built on large
branches in tall trees. In California, nesting occurs primarily in Del Norte and Humboldt counties, but
occurs south to Santa Cruz County. The loss of old-growth forest is a primary reason for this species’
decline (USFWS 1992). In California, marbled murrelets nest in redwoods greater than 200 years old
(Nelson 1997). They are also vulnerable to oil spills along the coast.
Marbled murrelets are known to occur in small numbers in Humboldt Bay as foragers, particularly in
the late summer and fall; they are observed primarily in the subtidal entrance portion of the bay
between King Salmon and the Elk River mouth (Strong, pers. comm., 2015).
Western Snowy Plover

The western snowy plover (Charadrius nivosus nivosus) nests along the Pacific Coast from Damon Point,
Washington to Bahia Magdalena, Baja California, Mexico (USFWS 2007). Degradation and use of
habitat for human activities has been largely responsible for the decline in snowy plover breeding
population; other important threats to the snowy plover are mammalian and avian predators, and
human disturbance (Page et al. 1995). In the Humboldt Bay region, western snowy plovers primarily
breed and winter on ocean-fronting beaches (Brindock and Colwell 2011) although small numbers of
plovers have been documented nesting on gravel bars of the Eel River (Colwell et al. 2011).
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California Brown Pelican

The California brown pelican (Pelecanus occidentalis californicus), a subspecies of the brown pelican (P.
occidentalis), ranges widely along the U.S. West Coast. The brown pelican (entire species) was federally
listed as endangered, and the California subspecies was listed as endangered by the State of California,
due to widespread reproductive failures linked to environmental contaminants such as DDT. It was
state and federally delisted in 2009. However, the subspecies remains protected by the State of
California. The California brown pelican nests in the Channel Islands, in southern California, as well
as in Mexico, but occurs widely along the U.S. West Coast as far north as British Columbia, Canada
(Jaques et al. 2008). They feed in estuaries and nearshore ocean waters, plunge-diving to capture small
schooling fishes near the water’s surface. Communal roosting occurs year-round as pelicans move up
and down the coast, and this roosting appears to have several important functions such as predator
detection and avoidance, assistance with finding prey, and socialization (Jaques et al. 2008). Pelicans
roost on sandbars, pilings, jetties, breakwaters, and offshore rocks, sometimes in large communal
roosts that can number in the thousands. In Humboldt Bay, roosting has been reported on Sand Island
(high count of 350 pelicans in summer), oyster racks (high counts of just over a hundred pelicans in
summer and fall), jetties, mudflats, and manmade structures (Jaques et al. 2008). They are most
abundant in Humboldt Bay from summer through mid-fall (Nelson 1989).
Black Brant

The black brant (Branta bernicla nigricans) is a sea goose that relies on Pacific coastal habitats. Brant nest
in the arctic, including areas in Alaska, Canada, and Russia (Pacific Flyway Council 2002). Due to their
broad range, the Pacific Flyway brant population is a shared resource amongst Mexico, the United
States, Canada, Russia and Japan (Pacific Flyway Council 2002). The population of black brant is
monitored by the Pacific Flyway Council pursuant to the 2002 Pacific Flyway Management Plan for
the Pacific Population of Brant (Brant Management Plan) (Pacific Flyway Council 2002). Brant are
managed for sustained yield, with a population objective of 150,000 birds. The Brant Management
Plan recommends protecting critical brant habitat in the species’ range, including pursuing mitigation
for loss or degradation of eelgrass beds, grit and loafing sites (Pacific Flyway Council 2002). Black
brant are considered a species of special concern while wintering/staging in California.
Humboldt Bay is an important wintering area and spring staging site for brant in the Pacific flyway.
Based on peak use, Humboldt Bay is the most important spring staging site in California and the
fourth most important site in the Pacific flyway (Moore et al. 2004). Annual estimates of total usedays ranged between 1 to 6 million before 1954, but since have usually been less than 1 million,
reaching a low of 285,000 in 1985 (Moore and Black 2006a). The total Pacific Flyway black brant
population estimates based on midwinter surveys in January averaged 133,300 from 1991 to 2000
(Pacific Flyway Council 2002). During a two-year study, Humboldt Bay was estimated to support 28%
of the flyway population (37,600 birds) in 2000 and 58% (77,800 birds) in 2001 (Lee et al. 2007),
indicating that a substantial proportion of the population relies on Humboldt Bay. Although
“wintering” brant are generally considered winter residents of the bay, the resident brant population
in January and early February is not completely stable, with 3 to 8% turnover per week until February
15 (Lee et al. 2007). The mean stopover duration for all birds in winter and spring (January – April)
was estimated to be 26 days (Lee et al. 2007). Therefore, in a given year, Humboldt Bay supports a
substantial proportion of the black brant population during migration.
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Black brant are hunted recreationally in California, including in Humboldt Bay, where there is a 2/day
daily
bag
limit
and
a
possession
limit
triple
the
daily
bag
limit
(https://www.wildlife.ca.gov/hunting/waterfowl). The Pacific Flyway black brant population size
(based on January surveys) from 2004-2014 ranged from approximately 112,000-177,000 with an
average of approximately 153,000 (USFWS 2015). Pacific Flyway harvest numbers from 2003-2014
(USFWS 2005-2013) are presented in Table 6.5.7. Numbers of black brant harvested by hunters from
the California North Zone (primarily Humboldt Bay) from 1990 through 2012 are presented in Table
6.5.8.
Table 6.5.7 Numbers of Black Brant Harvested from the Pacific Flyway by Hunters 2003-2014
Year
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Number Harvested
3900
1300
2000
3809
1943
1003
2100
800
1003
1664
1719
3344

Table 6.5.8 Numbers of Black Brant Harvested from the California North Zone 1990-2012
Year
Number Harvested
1990
472
1991
212
1992
1436
1993
1061
1994
1812
1995
335
1996
1313
1997
2859
1998
5064
1999
509
2002
300
2004
492
2005
675
2006
829
2007
1042
2008
651
2009
549
2010
358
2011
467
2012
479
Source: USFWS Parts Collection survey data, Dan Skalos, pers. comm., 2016
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Black brant feed almost exclusively on eelgrass (Ward et al. 1997, 2005; Moore et al. 2004), making
them vulnerable to degradation of existing eelgrass habitat (Pacific Flyway 2002; Ward et al. 2005). 3
Black brant have been observed to forage on other aquatic plants and macroalgae during the nonbreeding season, such as wigeongrass, surfgrass, non-native eelgrass (Z. japonica), ulva, salt marsh
plants, and upland plants (Ward 1983, Moore et al. 2004, Ward et al. 2005). However, these food
sources only comprise a small portion of black brant diet as compared to other populations of brant
geese in North America and Europe (Ward et al. 2005).
A large proportion of Pacific Flyway brant uses Humboldt Bay, likely due to its high eelgrass
abundance and relative isolation from other suitable spring staging sites (Moore et al. 2004). Eelgrass
varies in quantity and quality, and is unavailable to brant during two high tides per day, making the
achievement of energy demands challenging for brant (Clausen 2000, Moore and Black 2006b). Brant
have been documented repeatedly returning to eelgrass beds that are relatively high in quality (density,
biomass, and nutrient content), and have been seen waiting over eelgrass beds until tides recede
(Moore and Black 2006b), suggesting brant are making foraging decisions based on prior experience
and performance. This observation also suggests that eelgrass quality in Humboldt Bay is important
to the ability of brant to meet energetic demands for migration, and thus a reduction in quality and
quantity could result in impacts to the flyway population.
There is anecdotal evidence that brant have experienced eelgrass shortages on occasion in Humboldt
Bay, and although their non-breeding diet is restricted almost exclusively to eelgrass, brant have been
observed in salt marshes and pastures in those years (Moore et al. 2004). Eelgrass shortages have
occurred in the winter/spring of the years 1937/38, 1940/41, 1951/52, 1952/53, 1957/58, and
1997/98 (various sources as cited in Moore et al. 2004). The most recent circumstance (1997/98)
where eelgrass was unavailable was hypothesized to be due to a long storm duration coupled with a
tide cycle that did not allow for eelgrass exposure at low tide, as opposed to any reduction in eelgrass
quantity or quality (Dale, pers. comm., 2014). There were no notable declines in brant use of
Humboldt Bay in those years (despite a decline in their main food source), possibly because of
energetic constraints to brant migration and the relative isolation of the bay from others along the
Pacific Flyway (Moore et al. 2004). Moore et al. (2004) suggest Humboldt Bay may be a bottleneck for
migrating brant, and that some individuals may be unable to move to another site along the flyway
without first obtaining adequate energy reserves (i.e., from surrounding habitats, if necessary). Based
on the above, there is no evidence that overall eelgrass abundance has been insufficient within the last
50 years to support wintering and staging brant in Humboldt Bay, and brant appear to meet their
energetic requirement foraging on a relatively stable and abundant source of eelgrass, except in rare
circumstances where heavy rains and tide conditions can constrain foraging efforts.
Surveys conducted in Humboldt Bay each February between 1976 and 2000 found a mean number of
5,049 brant in South Bay and 1,322 brant in North Bay. Otherwise stated, approximately 80% of the
birds were observed in South Bay during that period (Moore et al. 2004). Based on comparisons with
historical data (1931-1941), the relative proportions of brant using South Bay and North Bay have
been similarly distributed (Moore et al. 2004). However, the most recent 2015 winter/spring annual
A 1995 study of black brant correlated oyster aquaculture in Willapa Bay, Washington with a reduction in eelgrass
abundance and corresponding decrease in brant use-days (Wilson & Atkinson 1995); however, the study is not as germane
to the Project as other studies, such as those mentioned below, as the study area occurred in oyster ground culture as
opposed to off-bottom longline culture.

3
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surveys conducted by the Humboldt Bay National Wildlife Refuge detected a recent shift in brant
population from South Bay to North Bay, estimating a total of 192,400 bird days for North Bay and
147,930 bird days for South Bay (Refuge, unpublished data). For example, an April survey estimated
3,650 birds occupying North Bay and 2,860 birds in South Bay.
To better inform the impact assessment process, H. T. Harvey & Associates conducted surveys for
black brant in North Bay in April 2015 (Table 6.5.9), representing the approximate period of peak
abundance for the species during the 2015 spring migration period (HTH 2015). A memorandum
explaining survey methods and results is attached to this R-DEIR as Appendix F. Surveys were
conducted throughout the entire North Bay (as weather allowed) during high and low tides to record
the abundance of brant using North Bay. Surveys were also conducted in North Bay to document the
number of brant occurring within Coast’s existing aquaculture beds and areas that are proposed for
aquaculture expansion. Time-lapse camera monitoring was conducted to augment survey efforts with
behavioral observations in aquaculture structure. The mean count during low tide in North Bay was
4,164 birds (range 3,120-5,559) and the mean count during high tide was 3,170 birds (range 2,2344,340). The observed differences in low and high tide counts reflect observations that brant would
congregate in areas away from inundated mudflats during high tides, concentrating in areas including
Eureka Slough, areas south of Samoa Bridge (i.e., along Indian Island), or on the lee side of marsh
habitats. This occurred presumably because foraging opportunities were more limited during high
tides in North Bay when eelgrass was inundated and brant were likely avoiding the windy conditions
in the open bay that were more prevalent during afternoon spring high tide surveys.
Table 6.5.9 Black Brant Survey Dates, Observers and Tide Conditions
Date
4/2/2015
4/7/2015
4/7/2015
4/7/2015
4/8/2015
4/8/2015
4/8/2015
4/9/2015
4/10/2015
4/11/2015
4/12/2015
4/12/2015
4/13/2015
4/13/2015
4/14/2015
4/14/2015
4/19/2015
4/20/2015
4/22/2015
4/23/2015
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Observer
Pia Garbriel
Rob Fowler
Rob Fowler
Betsy Elkinton
Rob Fowler
Rob Fowler
Betsy Elkinton
Betsy Elkinton
Betsy Elkinton
Betsy Elkinton
Betsy Elkinton
Rob Fowler
Rob Fowler
Pia Garbriel
Rob Fowler
Pia Garbriel
Betsy Elkinton
Rob Fowler
Pia Garbriel
Pia Garbriel
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High
High
High
Low
High
High
Low
Low
Low
High
High
Low
High
Low
High
Low
Low
High
Low
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6.5.1.9

Other Bird Species Potentially Affected

This section focuses on other bird species that are likely to occur within or adjacent to the Project
sites and potentially be affected by the Project.
Roosting Birds

Bird species such as double-crested cormorants (Phalacrocorax auritus), California brown pelicans,
Caspian terns (Hydroprogne caspia), Forster’s terns (Sterna forsteri), elegant terns (Thalasseus elegans), and
gulls (Larus spp.) can be found roosting on structures within Humboldt Bay. Abundance of some
species within the bay varies seasonally: Forster’s terns are most abundant in winter and spring, elegant
terns occur in fall, and pelicans peak in late summer/fall. While double-crested cormorants and gulls
are generally abundant year-round, they show a significant increase in species diversity and numerical
abundance in winter (eBird 2015). These birds may roost on rafts or other structures associated with
aquaculture, and pelicans have been reported roosting on Sand Island located in close proximity to
existing shellfish culture areas, as well as on oyster racks in North Bay (Jaques et al. 2008).
Nesting Birds

Caspian terns and double-crested cormorants nesting colonies are present on Sand Island,
approximately 320 ft from the northeastern edge of the current oyster culture area (Figure 6.5.13). In
2001-03, 809 double-crested cormorant nests (representing 13% of the statewide total and the largest
colony in northern California), and 262 individual Caspian terns, were counted on Sand Island
(Capitolo et al. 2004). In 2008, only 103 cormorant nests were counted (Caspian terns were not
counted), reflecting a reduction in nests from previous counts; it is possible some birds may have
moved to Teal Island in the South Bay where their numbers increased (365 nests in 2003 to 485 nests
in 2008) (Adkins and Roby 2010). In 2014, more than 400 cormorant nests were counted and over
300 Caspian tern nests were estimated on Sand Island; the colony was also active in 2015, although
numbers are not yet available (P. Capitolo, University of California Santa Cruz, Unpubl. Data). The
colony is presumed to still be active.
American Wigeon and Other Waterfowl

Humboldt Bay is the main waterbird migration stopover and wintering area between San Francisco
Bay and the mouth of the Columbia River in Oregon. Common waterfowl species in Humboldt Bay
during winter include dabbling ducks: American wigeon (Anas americana), green-winged teal (A. crecca),
northern pintail (A. acuta), and mallard (A. platyrhynchos); diving ducks: greater and lesser scaup (Aythya
marila and A. affinis), bufflehead (Bucephala albeola), and surf scoter (Melanitta perspicillata); and other
waterbirds such as the American coot (Fulica americana) (Denson and Bentley 1962, Nelson 1989).
Wigeon are one of the first species to arrive in fall, and by far the most abundant waterfowl species in
North Bay, followed by northern pintail and diving ducks (Denson and Bentley 1962, Nelson 1989).
Diving ducks generally occur in the deeper channel areas of Humboldt Bay (Nelson 1989), although
some diving species, such as scaup, are known to feed on eelgrass (Nienhuis and Groenendijk 1986,
Austin et al. 1998, Savard et al. 1998, Kessel et al. 2002) and thus may forage in shallower areas of the
bay where shellfish culture sites are located. Surf scoters could also occur at the shellfish culture sites,
because they are strongly attracted to and feed on biofouling mussels that accumulate on the shellfish
aquaculture structures (Kirk et al. 2007, Žydelis et al. 2008).
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Figure 6.5.13 Map of Humboldt Bay Depicting Potential Black Brant Grit Sites in South Bay
and North Bay.
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Based on winter surveys conducted in 1987-88, waterfowl numbers were higher in the South Bay than
North Bay (approximately 8,400 versus 8,000 birds), although American wigeon were more abundant
in North Bay than in South Bay (approximately 3,900 versus 2,900 birds) (Nelson 1989). American
wigeon is the waterfowl species, other than black brant, most likely to be affected by shellfish culture,
based on their habitat use, food preferences, and relative abundance in winter in North Bay. Wigeon
utilize a variety of habitat types in and around the bay, occurring in permanent freshwater ponds in
fall, shifting to tidal habitats in mid-winter, then moving to flooded pastures in spring, presumably to
maximize foraging performance (Brendan 2015). When in tidal habitats of the bay, they are often
found in the vicinity of the large eelgrass beds (Denson and Bentley 1962), where they are known to
feed on both emergent and free-floating eelgrass (invasive Zostera japonica and endemic Z. marina), and
generally occur in low densities (maximum of 1.4 birds/acre from winter 2014 surveys) (Brendan
2015). Other dabbling ducks that occur in the bay, including pintails, mallard, scaup, and teal, are also
known to feed on eelgrass, although it makes up a smaller proportion of their diets than it does for
wigeon (Baldwin and Lovvorn 1994, Nienhuis and Groenendijk 1986). Feeding on emergent eelgrass
generally occurs during low tides when the birds have direct access to eelgrass beds (Baldwin and
Lovvorn 1994, Brendan 2015).
Migratory Shorebirds

Humboldt Bay has been designated as a Site of International Importance in the Western Hemisphere
Shorebird Reserve Network because it is considered an important estuary for migrating and wintering
shorebirds in the Pacific flyway. Numerous species, sometimes numbering in the thousands, use
Humboldt Bay during migration. As many as 32 shorebird species and over 80,000 individuals have
been recorded during a spring migration (as observed during surveys conducted in April 1991);
however, shorebird counts conducted during the 1990’s reflect a decline relative to historic estimates
(Colwell 1994). Various non-breeding shorebird species use intertidal mudflat areas of Humboldt Bay
for foraging, although specific habitat use may be differential based on species morphology, as well as
habitat conditions such as water depth (related to tidal cycles) and substrate type.
Shorebirds are very flexible in their diets and consume prey opportunistically, with considerable dietary
overlap among species and foraging guilds (Skagen and Oman 1996). They often take prey in
accordance with availability, concentrating where prey is most dense (Goss-Custard 1970; GossCustard 1977; Goss-Custard 1979), therefore observed distribution of foraging shorebirds likely
reflects an abundance of available prey in those locations. Shorebirds typically concentrate at the edge
of a receding tideline, where worms, crustaceans, and bivalves occur close to the surface and are
available for consumption. Thus, hydrologic regimes and ecosystem processes that maintain abundant
invertebrate populations are more important than the presence of specific invertebrate taxa for
shorebirds. Near the waterline, shorebird microhabitat use usually depends on each species’ leg length,
as well as the size and shape of their bills. For example, short-billed semipalmated plovers (Charadrius
semipalmatus) and black-bellied plovers (Pluvialis squatarola) often feed on recently exposed mud, using
visual foraging methods. Small sandpipers, such as western sandpiper (Calidris mauri) and least
sandpipers (Calidris minutilla), forage on recently uncovered mud and shallow water. Mid-sized birds
such as dunlin (Calidris alpina), long-billed dowitchers (Limnodromus scolopaceus), and short-billed
dowitchers (Limnodromus griseus) can forage in slightly deeper water (by probing with their bills), and
larger shorebirds such as willets (Tringa semipalmatus), long-billed curlews (Numenius americanus), and
marbled godwits (Limosa fedoa) are able to probe in deeper water (although these species will forge in
exposed areas as well). In addition to bill shape and leg length, sediment type can dictate where
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shorebird species forage and sediment particle size influences shorebird distribution in Humboldt Bay.
For instance, sanderlings (Calidris alba) tend to select areas with coarser sediments and American
avocets (Recurvirostra americana) tend to occur in areas with finer sediments (Danufsky and Colwell
2003).
Several shorebird species that occur in Humboldt Bay are USFWS Birds of Conservation Concern,
including the lesser yellowlegs (Tringa flavipes), whimbrel (Numenius phaeopus), long-billed curlew,
marbled godwit, red knot (Calidris canutus) and short-billed dowitcher. In addition to intertidal habitats,
shorebirds in Humboldt Bay also exploit non-tidal habitats, particularly agricultural fields when
intertidal mudflats are inundated (Colwell and Dodd 1997; Long and Ralph 2001). Shorebird use of
pastures is correlated with (and dependent on) rainfall, as shorebirds likely exploit increased prey
availability when pastures are wet, or possibly their use of pastures is related to a decrease in prey
availability on mudflats during rainfall (Colwell and Dodd 1997). Shorebird use of non-tidal habitats
has been observed in other estuaries, including in San Francisco Bay where shorebirds regularly use
salt ponds, salt pans, marsh ponds, and other habitats (HTH 2005).
6.5.2 Pertinent Laws and Regulations
In the vicinity of the Project, numerous riparian habitats and other sensitive natural communities have
been identified by city governments, CDFW, and the U.S. Fish and Wildlife Service (USFWS). These
natural communities provide habitat for year-round and migrant species. Specific areas managed by
local, state, or federal entities protecting riparian habitats and other sensitive natural communities
include:
•
•
•

The Humboldt Bay National Wildlife Refuge Complex, owned and managed by the USFWS.
The Arcata Marsh and Wildlife Sanctuary, owned and managed by the City of Arcata.
CDFW Wildlife Areas, at the following locations: South Spit Wildlife Areas, Eel River Wildlife
Areas, Fay Slough Wildlife Areas, Mad River Slough Wildlife Areas, Elk River Wildlife Areas.

Plans protecting biological resources in the vicinity of the Project include Local Coastal Plans, the
Open Space Element of the County General Plan, Habitat Conservation Plans (HCPs), and recovery
plans for listed species that are likely to occur within the Management Area.
Local Coastal Plans and other relevant documents include:
•
•
•
•
•
•

City of Arcata Certified Local Coastal Program.
Humboldt Bay Area Plan of the Humboldt County Local Coastal Program. 2014. County of
Humboldt.
Eel River Area Plan of the Humboldt County Local Coastal Program. April 2007. County of
Humboldt.
Humboldt County Local Coastal Plan, Issue Identification Report. September 2003.
Humboldt County Planning and Building Department.
Humboldt Bay National Wildlife Refuge Comprehensive Conservation Plan. 2009. U.S. Fish
and Wildlife Service.
Humboldt Bay Management Plan. 2007. Humboldt Bay Harbor, Recreation and Conservation
District.
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Humboldt County’s coastal plan policies call for providing maximum public access and recreational
use of the coast; protecting wetlands, rare and endangered habitats, environmentally sensitive areas,
tidepools, and stream channels; maintaining productive coastal agricultural lands; directing new
development to already urbanized areas; protecting scenic beauty, and locating coastal energy facilities
such that they have the least impact (County of Humboldt 2003).
The County General Plan is currently being updated (County of Humboldt 2012). The Biological
Resources section of the Conservation and Open Space Elements describes the policies for
preservation of natural resources, production of resources, outdoor recreation, and public health and
safety.
In the general vicinity of the Project, HCPs and candidate conservation agreement and assurances
plans have been written, but none geographically overlap the expansion area.
The Humboldt Bay Management Plan (2007) provides guidance to the District regarding management
of the bay. Preferred uses in North Bay identified by the plan include (1) continued or heightened
protection of North Bay’s environmental resources, (2) continued use for aquaculture or mariculture,
and (3) the continuance and enhancement of recreational opportunities. Overall, the plan expresses a
need to balance mariculture activities with other legitimate uses of the bay.
6.5.2.1

Endangered Species Act

Fish and wildlife species are managed by NOAA Fisheries (or “NMFS”) and the USFWS. Jointly
referred to as “the Services”, each has regulatory jurisdiction over fish and wildlife resources in the
vicinity of Humboldt Bay. The Services regulate fish and wildlife species, and their defined critical
habitats, listed for protection under the federal ESA (16 U.S.C. § 1531 et seq., as amended).
6.5.2.2

Magnuson-Stevens Fisheries Conservation and Management Act

Federally managed commercial fisheries are managed under the authority of the Magnuson-Stevens
Fishery Conservation and Management Act of 1990, as amended, also referred to as the MagnusonStevens Act (MSA) (16 U.S.C. § 1801, et seq.). Federal management plans for commercial fisheries have
been developed by the Pacific Fishery Management Council (PFMC) and are implemented and
enforced under the jurisdiction of NMFS.
Fishery management plans cover fish species that are known to occur or are likely to occur in
Humboldt Bay. Habitats used by these federally managed species are protected by NMFS under the
Essential Fish Habitat (EFH) provisions of Section 305 of the MSA. The MSA authorizes the federal
government to regulate fishing from 3 to 200 miles offshore. In 1996, the MSA was amended to
include the Sustainable Fisheries Act, which makes substantive changes regarding bycatch and the
conservation of fish habitat. Per U.S. Public Law 109-479, federal agencies or projects with a federal
nexus must consult with NMFS when conducting actions that might adversely affect EFH. While the
fishery management jurisdiction of the MSA applies to federal waters, the EFH provisions of the act
apply throughout the range of the managed species and commonly extend into state-managed
estuarine and riverine habitats. The MSA defines EFH as “those waters and substrate necessary to
fish for spawning, breeding, feeding, or growth to maturity” for species protected under the act.
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6.5.2.3

Marine Mammals Protection Act

All marine mammals are protected under the Marine Mammal Protection Act of 1972 (16 U.S.C. §
1361, et seq.; 50 C.F.R. Part 216). The MMPA prohibits, with certain exceptions, the "take" of marine
mammals in U.S. waters and by U.S. citizens on the high seas, and the importation of marine mammals
and marine mammal products into the U.S. Take under the MMPA is defined as “to hunt, harass,
capture, or kill” any marine mammal or attempt to do so.
6.5.2.4

Migratory Bird Treaty Act

The Migratory Bird Treaty Act (MBTA) of 1918 protects numerous species of migratory birds (16
U.S.C. § 703). The list of species protected under the MBTA is maintained by USFWS. The MBTA
states that it is “unlawful to pursue, hunt, take, capture or kill; attempt to take, capture or kill; possess,
offer to or sell, barter, purchase, deliver or cause to be shipped, exported, imported, transported,
carried or received any migratory bird, part, nest, egg or product, manufactured or not.”
Subject to limitations in the Act, the Secretary of the Interior may adopt regulations determining the
extent to which, if at all, hunting, taking, capturing, killing, possessing, selling, purchasing, shipping,
transporting or exporting of any migratory bird, part, nest or egg will be allowed, having regard for
temperature zones, distribution, abundance, economic value, breeding habits and migratory flight
patterns.
6.5.3 Definition of Significance and Baseline Conditions
The CEQA Guidelines provide direction in evaluating the Project impacts and determining which
impacts will be significant (Remy et al. 1999). CEQA defines significant effects as “a substantial
adverse change in the physical conditions which exist in the area affected by the proposed project.”
Under CEQA Guidelines Section 15065 (Mandatory Findings of Significance), effects on aquatic
biological resources are deemed significant where a project would:
•
•
•
•

Substantially reduce the habitat of a fish or wildlife species;
Cause a fish or wildlife population to drop below self-sustaining levels;
Threaten to eliminate a plant or animal community; or
Reduce the number or restrict the range of an endangered, threatened, or rare species.

In addition to the Section 15065 criteria that trigger mandatory findings of significance, Appendix G
of the CEQA Guidelines provides a checklist of other potential impacts to consider when analyzing
the significance of project effects. The impacts for consideration when determining significance
include whether the Project would:
•

•
•

Have a substantial adverse effect, either directly or through habitat modifications, on any
species identified as a candidate, sensitive, or special status species in local or regional plans,
policies, or regulations, or by CDFW or USFWS.
Have a substantial adverse effect on federally protected wetlands as defined by Section 404 of
the CWA through direct removal, filling, hydrological interruption, or other means.
Have a substantial adverse effect on coastal wetlands as defined by the California Coastal Act.
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•

•
•

Interfere substantially with the movement of any native resident or migratory fish or wildlife
species or with established native resident or migratory wildlife corridors, or impede the use
of native wildlife nursery sites.
Conflict with any local policies or ordinances protecting biological resources.
Conflict with the provisions of an adopted HCP, Natural Community Conservation Planning
(NCCP), or other approved local, regional, or state HCP.

6.5.4 Impact Analysis of the Project
Direct and indirect impacts for biological resources are discussed in this section. This information also
incorporates a summary of information discussed in three appendices: (1) 1.5-Foot-Elevation Oyster
Culture Feasibility Study (Appendix C), (2) Revised Technical Eelgrass Analysis Memorandum
(Appendix D), and (3) Aquacultural Carrying Capacity Analysis (Appendix E). Only existing culture is
discussed below; the areas in ongoing culture are considered part of the environmental baseline. This
impact analysis is for Phase I and Phase II of the proposed Project in North (Arcata) Bay of Humboldt
Bay, California (Figure 6.5.14). Impacts from both the Project and existing culture, as well as other
reasonable and foreseeable projects, will be discussed under Cumulative Impacts (Section 7).
Two main metrics are used throughout the impact analysis in order to understand how potential
impacts will affect biological resources. The first metric is spatial overlap between different habitat
types present in North Bay and the Project (Table 6.5.10). It is important to understand that spatial
overlap between culture areas and habitat is not a quantification of impact because impacts typically
occur in discrete portions of a culture area, during limited times, and for limited durations. In addition,
various species use different habitat types to the different degrees. For example, near channel habitat
is one of the primary habitat types used in Humboldt Bay by fish and wildlife (e.g., Williamson 2006,
Garwood et al. 2013, Pinnix et al. 2013), although the distance from the channel that is utilized may
differ for the specific species, as discussed more below.
Table 6.5.10 Spatial Overlap of the Project with Habitats in North Bay.
Area

Subtidal
Channel
Habitat
1127.2

Non
Eelgrass
3535.5

Intertidal Habitat*
Patchy
Continuous
Eelgrass
Eelgrass
1928.2
1890.0

North Bay (acre)
Phase I
Culture Area (acre)
0.0
11.8
32.6
165.6
Percent of Overlap (%)
0.0%
0.3%
1.7%
8.8%
Phase II
Culture Area (acre)
[4.1]**
12.0
151.8
244.1
Percent of Overlap (%)
0.0%
0.3%
7.9%
12.9%
TOTAL
Culture Area (acre)
[4.1]**
23.8
184.4
409.7
Percent of Overlap (%)
0.0%
0.7%
9.6%
21.7%
Source: NOAA 2012
*Values for North Bay are reported as MHW, which is a similar comparison made for other estuaries along the West
Coast when comparing habitat overlap.
**Subtidal habitat calculations are limited to spatial overlap with floating culture. Basic polygons show an overlap, but
no culture would be planted in subtidal channels, including a 10-ft buffer, the area of influence is shown as 0.0%.
Coast Seafoods Company
Recirculated Draft EIR

6.5-42

Humboldt Bay Harbor District
July 2016

Figure 6.5.14 Location of the Re-Designed Phase I Proposed Expansion and Conversion of Existing Aquaculture.

Source: Habitat and shellfish culture areas based on data from NOAA 2012 and elevation data provided by Wagschal, pers. comm., 2016.
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The second metric is frequency of human presence associated with aquaculture operations. This
metric is relevant for potential impacts to eelgrass habitat and the benthic community, and the
potential for disturbance of fish and wildlife. Frequency of human presence depends on the type of
culture method present and the timing of operations (see Table 4.2).
IMPACT BIO-1: Impacts associated with overwater structures.
As described in Section 4.3, the existing culture operations proposed to continue under the Project
include a total of 1.0 acre of overwater structures. This is comprised of approximately 0.04 acres of
FLUPSY, 0.04 acres of wet storage floats, and 0.93 acres of clam rafts (see Figure 4.4). The proposed
project makes some limited changes to the clam rafts, not in terms of additional overwater structure,
but by changing from culturing clams to oysters and/or clams. The only new overwater structure
proposed by the Project are those associated with the expansion of the existing FLUPSY. Although
not shown in Table 6.5.10, there will be an increase of 8 bins in the existing FLUPSY located within
Central Bay, which is equivalent to an increase of approximately 72 square feet (ft2) or 0.002 acres of
additional overwater surface area. While structure can provide increased prey resources (discussed
below) and refugia from predation, it can also increase the number of predatory fish associated with
the added structure and result in direct impacts from the consumption of fish (literature as cited in
Forrest et al. 2009). Specific concerns related to the potential for increased predation of sensitive
species are further evaluated below.
Most of the scientific literature on the potential to increase predation in marine systems is in relation
to docks and pilings. There are obvious differences between docks and piling and shellfish aquaculture
gear, but there are some relevant observations that can be used to evaluate potential impacts. Typically,
when effects from structure are discussed in the scientific literature, the benefit for smaller fish using
the structure as refugia is reported as higher than the risk associated with structure used as predator
ambush sites.
Cardwell and Fresh (1979) analyzed the stomach contents of maturing Chinook salmon, copper
rockfish, and staghorn sculpin and reported that only staghorn sculpin stomachs contained juvenile
salmonids and the presence of juvenile salmonids in the stomach contents did not change in relation
to added structure. Ratté and Salo (1985) found no indication that predatory fish aggregated under
piers. Instead, predators were actually less abundant in shaded habitat. Salo et al. (1980) found that
juvenile salmon comprised less than 4% of piscivorous fish diet in association with pier habitat.
In a study designed to determine if the existing floating clam rafts in the North Bay Main channel
resulted in increased predator density, or increased salmonid/longfin smelt predation rates, Kalson
and Kramer (2015) surveyed fish species under and around the rafts. Sampling methods included
hook-and-line in the late summer/fall, winter, and spring, and video in the late summer/fall. Samples
were collected between 1 hour before high tide and 1 hour after high tide. A total of 454 fish were
captured with hook-and-line and 5 fish were identified in the video surveys. A total of seven species
were identified in the 459 fish sampled or observed, including four resident species (topsmelt
[Atherinops affinis], jacksmelt [Atherinopsis californiensis], walleye surfperch [Hyperprosopon argenteum], and
shiner perch [Cymatogaster aggregata]), one species that uses the bay as nursery habitat (juvenile rockfish
[Sebastes sp.]), and two species that occur seasonally (northern anchovy [Engraulis mordax] and Pacific
sardine [Sardinops sagax]). All species are native to northern California. None of the collected specimens
were deemed likely predators on salmonids or longfin smelt.
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The proposed expansion of overwater structures (0.002 acres) is a minor increase to an existing
FLUPSY, and is not likely to result in additional impacts to resident or migrating species due to the
increase in area or potential to attract ambush predators. Therefore, impacts associated with overwater
structures are considered less than significant under CEQA.
IMPACT BIO-2: Amount of gear to be installed and changes to unstructured habitat
from the addition of shellfish aquaculture gear.
Both structured and unstructured habitats are important resources that create a mosaic of habitats and
provide edges or transitional zones between two habitat types (Holt et al. 1983, Orth et al. 1984,
Boström et al. 2006). Habitat transitions often represent areas with increased biological diversity
because these areas provide habitat for a suite of species that primarily use edge habitat adjacent to
structured habitat (or near channel habitat, as described above) for foraging. These locations also offer
areas where species are actively moving between two or more habitat types for necessary activities
(e.g., foraging, refuge, reproduction, etc.). Both the areas absent of habitat and the areas with
structured habitat are important components of these systems.
The Project proposes to install PVC support posts and aquaculture gear and shellfish products for
longlines, rack-and-bag, and basket-on-longline oyster culture methods. Installation of the oyster
culture gear will directly occupy substrate in the areas where the support structures enter the sediment,
and would occupy a portion of the water column above the substrate. In addition, the conversion of
2.5-ft single-hung longlines to 10-ft double-hung longlines will reduce the amount of gear within the
culture area. The effects of adding and removing gear and potential changes to unstructured habitat
are discussed below. The potential effects specifically on sediment distribution and tidal circulation as
a result of the presence of the gear are not discussed in this section, but rather separately in IMPACT
BIO-7.
The amount of PVC added to the substrate was calculated using standard equations for area and
volume. There are two different PVC support posts that are proposed for longline aquaculture. The
first is ¾-inch PVC used for cultch-on-longline culture and the second is 2-inch PVC used for basketon-longline culture. In addition, the support for rack-and-bag structures use ½-inch posts (lumped
into the general term “PVC” for all culture). Using the equation for the area of a circle (𝐴𝐴 = 𝜋𝜋𝑟𝑟 2 ) and
the total number of PVC support posts, the acreage associated with the addition of PVC was
calculated.
During Phase I of the proposed expansion, a total of 0.04 acres of PVC would be added to the
substrate within the 210-acre project area, which is equivalent to 0.02% of the Phase I project area.
Phase II of the proposed expansion would add an additional 0.05 acres of PVC in the additional 412acre project area, which is equivalent to 0.01% of the Phase II project area. This represents a total of
0.09 acres of PVC within the 622-acre project area or 0.02%. Comparatively, the conversion of existing
culture in 100 acres (Mitigation Measure BIO-1) would decrease the amount of PVC by 0.02 acres or
0.01% of the conversion area. Therefore, the net amount of PVC added to North Bay would equate
to 0.08 acres.
In addition to gear that is being added to the substrate, there is also gear in the water column (e.g.,
longlines, baskets, cultch). The amount of gear added to the water column was calculated using the
equation for the volume of a cylinder (𝑉𝑉 = 𝜋𝜋𝑟𝑟 2 ℎ), adding together the volume of the cultch (assuming
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maximum growth) or baskets and the PVC support posts, and multiplying by the number of longlines
and PVC support posts. The final volume calculation was then compared to the volume at MHW and
MLLW within an oyster plot.
Phase I and Phase II represent a total of 622 acres of habitat that is proposed for the expansion of
oyster aquaculture. While there is currently no aquaculture gear within the expansion area, these areas
can be considered “fallow” oyster ground because of substantial historical use of the bay (see Figure
6.5.9). Based on the number of longlines and amount of space that longlines occupy in the water
column (or volume of water), approximately 0.2% to 2.1% of available habitat would be occupied by
culture gear post-Project. The range in values is based on the difference in volume above the culture
plots between MLLW and MHW. In addition, during the conversion of existing culture area
(mitigation), gear that currently occupies approximately 0.05% to 0.8% of the water column would be
removed: this range is also based on the range in tidal height. Overall, between existing culture,
proposed conversion (mitigation), and the proposed expansion, aquaculture gear would occupy
approximately 0.4% to 4.7% of the water column. This represents approximately 0.04% to 0.13% of
the water column habitat available in North Bay.
There are certain species (e.g., green sturgeon, California halibut) that tend to avoid structure while
there are other species (e.g., families Cottidae and Embiotocidae) that tend to be structure-oriented.
A review of the existing literature that evaluates activities similar to the proposed activity (i.e., offbottom culture) does not support the conclusion that shellfish aquaculture adversely impacts fish and
wildlife. For example, Forrest et al. (2009), a review of over 200 papers associated with off-bottom
shellfish aquaculture, indicated that effects to fish are often neutral or positive. Adding structure to
mudflat habitat in North Bay can provide an increase in prey resources along the near channel habitat
where many species appear to forage (discussed in more detail in IMPACT BIO-12). However, the
majority of the Project does not occur adjacent to channel habitat, so this benefit is likely small and
there are other considerations related to changes to mudflat habitat that will be discussed in the
species-specific sections below. Researchers have shown that oyster reefs as well as oyster aquaculture
gear provide more interstitial spaces for refugia for predator avoidance and increased native species
of recreationally and commercially important fish and invertebrates in their early life history stages
(Dealteris et al. 2004, Coen et al. 2007). Food-web modeling of intertidal oyster culture (e.g., Leguerrier
et al. 2004) also support the conclusion that off-bottom culture could benefit fish and birds due to an
enhanced food supply.
Based on the amount of unstructured habitat present in North Bay (Table 6.5.10), the amount of
habitat affected is a small portion of what is available (0.7%). That does not mean that there is no
change to these habitats, only that the change is limited to a relatively small component of North Bay
and the changed area will be used in a similar manner to other habitat types present (i.e., a transitional
area from unstructured to structured habitat). Similarly, the net change for the entire Project in terms
of added gear within the water column is also a small proportion of the volume of water within the
culture plots (0.06% at MHW and 0.8% at MLLW). The majority of where gear will occur is already
structured habitat (eelgrass), which means that there would be little measurable effect to how species
interact with this type of change to North Bay. The species that may avoid these areas are not limited
by food availability (discussed within individual species sections below). Additionally, the potential to
increase food resources within culture areas, especially culture areas within unstructured habitat, may
be a benefit to many of the higher trophic organisms using North Bay. However, this benefit only
occurs in a small proportion of North Bay habitat, based on the above discussion. Therefore, changes
Coast Seafoods Company
Recirculated Draft EIR

6.5-46

Humboldt Bay Harbor District
July 2016

to unstructured habitat and the addition of shellfish aquaculture gear are considered less than
significant under CEQA.
IMPACT BIO-3 Eelgrass density reduction analysis.
The Project has adopted a no-net-loss as the threshold of significance for eelgrass impacts. A total of
594 acres of the 622-acre expansion area footprint overlap with eelgrass habitat. Impacts to eelgrass
from the proposed expansion would occur during installation of the longlines (short-term impact) and
from shading, mechanical abrasion, and desiccation (longer term impact) that would occur as the
cultch grows over a 2-year period. While trampling during planting and harvest is estimated to result
in a short-term impact, the current understanding of trampling frequency results in impacts to eelgrass
that are not likely to persist for longer than 1 month (see IMPACT BIO-4). As described below,
potential impacts to eelgrass density as a result of Phase I of the Project are predicted to exceed the
threshold of significance and require mitigation (Mitigation Measure BIO-1, discussed in Section 6.5.7,
below). Phase II of the Project is proposed using longline spacing that is predicted to have less than
significant impacts to eelgrass resources, based on best available science.
Potential impacts to eelgrass resources were assessed by evaluating five potential impact scenarios.
The impact scenarios incorporate a range of potential impacts (e.g., shading, mechanical abrasion,
desiccation, trampling) in order to predict the impacts to eelgrass habitat from the placement of
shellfish aquaculture gear. The scenarios range from minimum predicted impacts to maximum
predicted impacts, and are based on an approach that was developed in consultation with eelgrass
experts, as described in Appendix D. The same scenarios are used to calculate both potential
reductions in eelgrass density from the proposed expansion of shellfish aquaculture in eelgrass habitat
and mitigation lift from the conversion of existing culture (as discussed in Section 6.5.7; Mitigation
Measure BIO-1). This section describes the five impact scenarios; the equations used to calculate
potential eelgrass density reduction in each impact scenario; and the results of the impact analysis.
The impact scenarios include three “growth” scenarios to reflect the growth of oysters on longlines
over time and two “footprint” scenarios calculated based on site- and culture-specific shading studies.
These scenarios are nested, such that the growth scenarios are the smallest, the medium footprint
scenario incorporates the growth scenarios and an additional area where shading is expected to limit
growth, and the maximum footprint incorporates all of the impact scenarios and an additional area
where eelgrass density may be reduced.
•

New Growth – Under this scenario, the width of effect to eelgrass extends horizontally from
the longline based on the size of the cultch (i.e., oyster shell with juvenile oysters attached)
during the first year of growth (0.3 ft). Because oysters are this small only during the initial
plant-out months, this scenario likely under represents the size of the oysters for the majority
of time that they are present. For basket-on-longline areas, the width of effect to eelgrass
extends horizontally from the longline based on the width of the basket (0.8 ft) which does
not change over time.

•

Average Growth – Under this scenario, the width of effect to eelgrass extends horizontally
from the longline based on the average size of oysters (0.5 ft) throughout the growing cycle
(18-36 months). For basket-on-longline areas, the width of effect to eelgrass extends
horizontally from the longline based on the width of the basket (0.8 ft).
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•

Maximum Growth – Under this scenario, the width of effect to eelgrass extends horizontally
from the longline based on the maximum size of Pacific oysters prior to harvest (0.8 ft). Pacific
oysters represent 40% and Kumamoto oysters 60% of the proposed culture, and fully grown
Kumamoto oysters are smaller (0.5 ft). Because oysters only reach their maximum size near
harvest time, this scenario likely over represents the size of the oysters for the majority of time
that they are present. Effects from the longline based on the width of the basket (0.8 ft) were
also included as in the previous scenarios.

•

Medium Footprint – For this scenario, the potential extent of shading was used to estimate
the width of effect. A shading analysis was conducted with longlines in an east to west as well
as in a north to south orientation within a 1-acre representative plot. Areas were identified
using a shading analysis (Appendix D). In addition, to account for an increase in shellfish and
gear that may include other mechanisms of effect (e.g., mechanical abrasion, desiccation), a
100% loss of eelgrass was assumed for a distance of 1.3 ft (single-hung) to 1.5 ft (double-hung
and baskets).

•

Maximum Footprint – Under this scenario, the larger areas influenced by shade throughout
the day were assessed, although these areas do not result in shading for >1/3 of the day,
regardless of line orientation. The maximum footprint incorporates the predicted effects from
the medium footprint where up to 100% reduction of eelgrass is assumed as well as additional
area where a 25% reduction of eelgrass is assumed to account for potential impacts of
trampling. The percent reduction is then averaged over the entire maximum footprint to
establish the percent reduction within the maximum footprint. The maximum footprint adds
an additional distance of 1.1- to 1.9-ft from the line to the medium footprint scenarios. 4

A graphic depicting the distance from the oyster longline, and the potential impact mechanisms that
would likely be included in this distance, is presented in Figure 6.5.15 for the growth scenarios and
Figure 6.5.16 for the medium and maximum footprint scenarios.
For each scenario, impacts associated with mechanisms of effect that may extend beyond the footprint
of individual culture lines—including stranding, physical abrasion, trampling, and shading—are
incorporated by two-tiered impact zones, with a central tier that is assumed to result in complete
exclusion of eelgrass 5 and a wider zone where eelgrass density is predicted to decrease but not be
entirely eliminated. Consistent with the California Eelgrass Mitigation Policy (CEMP) (NMFS 2014),
these estimations of impact will be confirmed with a robust monitoring program that compares preaction conditions of eelgrass habitat to post-action conditions (Appendix D).
Based on the impact scenarios described above, Phase I of the Project, which includes a 210-acre
expansion of oyster culture in Humboldt Bay, is calculated to result in a range of impacts to eelgrass
density that equates to between -4.7 acres and -35.9 acres (Table 6.5.11). The acreages presented in
Table 6.5.11 are the accumulation of eelgrass density reduction assuming a 50 and 80 shoots/m2
density for patchy and continuous eelgrass beds, respectively. These values do not represent entire
areas that have no eelgrass, but rather changes to density spread throughout the 210-acre expansion
Historically, assessments of impacts to eelgrass from regulated projects have focused on superimposing the footprints of
the proposed structures that cause shading onto eelgrass beds to calculate the total amount of eelgrass impacted (e.g.,
the maximum growth scenario that calculates impacts based on the areas directly beneath culture lines.
5 It is notable that, based on visual and photographic observation of existing culture conditions, eelgrass is not totally
excluded from beneath the longlines.
4
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area. Therefore, there would be a total of between 2.2% to 17.1% 6 eelgrass density reduction within
the Phase I expansion area. In order to account for these potential impacts, Coast is proposing
mitigation (Mitigation Measure BIO-1) to ensure that the Project has an overall neutral or beneficial
ecological impact in Humboldt Bay, discussed in Section 6.5.7 below.
Phase II of the re-designed Project includes a total of 412 acres of cultch-on-longline culture within
those parts of the proposed expansion area not planted in Phase I (see Figure 4.15). The cultch-onlongline would be spaced at 10-ft intervals and single-hung. Based on the Rumrill and Poulton (2004)
meso-scale study, eelgrass at this line spacing was equal to (or exceeded) both the control and reference
sites by the end of the study period, even with elevation differences between treatment and reference
sites 7. Typical trends for eelgrass along the West Coast and in Humboldt Bay indicate that eelgrass
density should be higher within -1 ft to 0 ft MLLW elevations (Thom et al. 2003, Gilkerson 2008);
however, eelgrass densities in the 10-ft treatment plots at an elevation of 0 ft to 1.5 ft MLLW were
higher or statistically similar to eelgrass densities in the reference sites that occurred at the lower
elevations (-1 ft to 0 ft MLLW) in Humboldt Bay (Rumrill and Poulton 2004).

Note that this calculation also includes 6 acres at 10-ft single-hung that are predicted to have a neutral effect on eelgrass
and 12.2 acres that do not overlap with eelgrass habitat. This is related to the location of proposed culture and
Conservation Measure BIO-4 that restricts rack-and-bag culture (total of 4 acres) to 25 ft away from existing eelgrass.
7 Elevation is one of the main limiting factors for eelgrass in Humboldt Bay (Gilkerson 2008, Pacific Watershed Associates
2015), which is consistent with data from other West Coast estuaries (Thom et al. 2003).
6
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10’ Double Hung Line

2.5’ Single Hung Line

Basket Culture

Basket Width
New Growth (0-12 months)
Average Growth (12-36 months)
Maximum Growth (36+ months)
Support Posts

12”

12” 18”

16”

New Growth Zone
Average Growth Zone
Maximum Growth Zone

0.3’
0.5’

0.3’
0.5’

0.8’

0.8’

0.8’

Figure 6.5.15 Illustration of the Distance that Effects Extend from the Longline for Growth Scenarios.
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2.5’ Single Hung Line

10’ Double Hung Line

16”

12”

0.8’ = mechanical
abrasion/desiccation

Basket Culture

0.8’ = mechanical
abrasion/desiccation

12” 18”

0.8’ = mechanical
abrasion/desiccation
1.5’ = shading

1.3’ = shading

1.5’ = shading

2.5’ = shading/trampling

3.4’ = shading/trampling

3.5’ = shading/trampling

Basket Culture
Line Culture
Support Posts
Medium Footprint Zone
Maximum Footprint Zone

Figure 6.5.16 Illustration of the Distance that Effects Extend from the Longline for Medium and Maximum Footprint Scenarios.
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Table 6.5.11 Calculated Eelgrass Density Reduction in the Phase I Expansion Area based on Impact Scenarios by Culture Method.
Term
Plot Area
(acre)
Area of
Influence
(acre)

Basket-on-Longline Culture

New
Growth

Average
Growth

Maximum
Growth

Medium
Footprint

Maximum
Footprint

New
Growth

Average
Growth

Maximum
Growth

Medium
Footprint

Maximum
Footprint

Patchy
Continuous
Total
Patchy
Continuous
Total

16.0
130.8
146.8
0.5
3.8
4.3

16.0
130.8
146.8
0.8
6.3
7.1

16.0
130.8
146.8
1.2
10.1
11.3

16.0
130.8
146.8
2.3
18.9
21.2

16.0
130.8
146.8
5.2
42.9
48.1

15.8
29.2
45.0
1.2
2.1
3.3

15.8
29.2
45.0
1.2
2.1
3.3

15.8
29.2
45.0
1.2
2.1
3.3

15.8
29.2
45.0
2.2
4.0
6.2

15.8
29.2
45.0
4.6
8.6
13.2

-1.6%

-2.7%

-4.3%

-14.5%

-19.0%

-5.1%

-5.1%

-5.1%

-13.8%

-17.7%

Patchy
Continuous

-0.3
-2.1

-0.4
-3.5

-0.7
-5.6

-2.3
-18.9

-3.0
-24.9

-0.8
-1.5

-0.8
-1.5

-0.8
-1.5

-2.2
-4.0

-2.8
-5.2

Total

-2.4

-3.9

-6.3

-21.2

-27.9

-2.3

-2.3

-2.3

-6.2

-8.0

Percent Reduction
in the Plot (%)
Total Area
of Eelgrass
Reduction
(acre)

Cultch-on-Longline Culture

Eelgrass
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Based on this best available science, the Phase II expansion, proposes using 10-ft spaced, single hung
lines, would have a neutral effect on eelgrass that is below the no-net-loss threshold of significance.
The monitoring plan executed during Phase II (Appendix F) will include monitoring to confirm this
conclusion. If data generated during monitoring reveal an impact from 10-ft spaced, single-hung
longlines, then the Phase II strategy will be revised through adaptive management (see Section 6.5.7
below).
Aquaculture gear that is not maintained or that is dislodged by waves and storms and therefore
interacts with the bay bottom may also potentially impact eelgrass. Because Humboldt Bay is a
dynamic environment, aquaculture gear is subjected to multiple stressors and needs to be regularly
inspected and repaired. According to Conservation Measure BIO-3 and Mitigation Measures HAZ-1
and HAZ-4, monthly and post-storm inspections of aquaculture plots will occur to ensure that gear is
properly maintained. Gear-related impacts to eelgrass would thus be short-term and corrected within
a maximum of one month. Coast also performs post-storm cleanups (Mitigation Measure HAZ-1)
and quarterly bay clean-ups (Mitigation Measure HAZ-4) during which it collects escaped shellfish
gear and any other material found on the mudflats, whether from the Project or from other activities.
During these cleanups, Coast sometimes encounters and removes derelict gear leftover from historical
operations, including shellfish bags from previous rack-and-bag operations.
In general, changes to the environment associated with shellfish aquaculture occur only as long as
shellfish aquaculture activities are ongoing. Recovery to pre-project conditions for eelgrass and other
habitat features can occur relatively rapidly upon the removal of shellfish and aquaculture gear.
According to Rumrill (2015), “eelgrass beds and commercial oyster cultivation can coexist in
Humboldt Bay, and … implementation of best management practices that include reduced density of
oysters (i.e., oyster culture at 5 ft and 10 ft spacing between the longlines) may aid in the conservation
of eelgrass communities.” Nevertheless, to verify predicted impacts and mitigation uplift associated
with Phase I, and to validate the assumption of no-net-loss associated with Phase II, Coast will be
implementing an eelgrass monitoring plan (Appendix F). The monitoring plan includes an extensive
survey of baseline eelgrass conditions prior to Project implementation and at least two years of
monitoring following Phase I implementation. The Project may be modified or additional mitigation
may be required if observed impacts to eelgrass are greater than anticipated. Assumptions from the
impact analysis and monitoring results will be tracked through an adaptive management plan, as
described in Section 6.5.7 below.
IMPACT BIO-4: Potential trampling of eelgrass related to access and activities during
shellfish aquaculture operations.
Although trampling is included in the impact scenarios discussed in IMPACT BIO-3 above, it is also
a concern for potential effects to eelgrass habitat. Eckrich and Holmquist (2000) studied trampling
effects at three intensities on turtle grass in Puerto Rico. The study found that moderate trampling (20
events/month) resulted in reduced seagrass cover and rhizome biomass. Despite trampling, infauna
densities did not change until extreme levels of disturbance (>50 events/month). As discussed below,
20 events/month in one area is a far greater intensity than what would occur for the proposed Project.
The observed effects were the greatest in areas with softer substrates. The sediment types within the
proposed expansion area are primarily clayey silt, sand-silt-clay, or sand (see Figure 6.5.12 above),
which fall into the category of “softer substrates.” Turtle grass is known to have slower recovery times
compared to eelgrass because it recovers primarily by rhizome extension rather than seed dispersal
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(Zieman 1976). A more accurate comparison of potential effects from trampling may be for shoal
grass (Halodule wrightii). Both shoal grass and eelgrass have a fairly well developed deep rhizome system.
Because both plants grow well from seed, they are capable of recovering and colonizing a damaged
area in a short period of time (Zieman (1976, Ruesink et al. 2012).
Several additional articles are often cited regarding the potential effects of trampling, including
Alexandre et al. (2005), Milazzo et al. (2002), Skilleter et al. (2006), and Travaille et al. (2015), although
these articles have little relation to oyster longline operations. These articles discuss effects from high
levels of trampling which would not occur as part of the proposed aquaculture project. For example,
Milazzo et al. (2002) was a review article that cited the earlier Eckrich and Holmquist (2000) discussed
above, but provided no new or original data. Although a study of the effects of trampling on Z. marina,
the Travaille et al. (2015) article also has little relation to the relatively infrequent activities of the
Project in that the mechanism of effect studied was high levels of visitor use on eelgrass in a Marine
Protected Area in New Zealand. Similar in frequency, Alexandre et al. (2005) documented trampling
of dwarf eelgrass (Zostera noltii) in Portugal from daily use by clam harvesters who dig up intertidal
sediments in search of clams. The proposed Project will require much less frequent access and all
culture will be off-bottom; sediments will not be disturbed. Skilleter et al. (2006) discusses the effects
of polychaete worm harvest on seagrass in Queensland, Australia, and is dissimilar to the culture of
the Project. While all culture areas have to be visited at least once per month to ensure that aquaculture
gear is properly maintained (Conservation Measure BIO-4), this visit often occurs when the area is
inundated and no physical disturbance of the substrate is required. Even planting and harvest events
that result in higher levels of disturbance occur infrequently (once every 18 to 36 months), which
allows for full recovery prior to the next disturbance event, as discussed below.
In terms of the amount of trampling that could occur in the culture plots, cultch‐on-longline requires
approximately 1 day per month for each 10‐acre area to monitor and repair lines, and 2 days per acre
every 18 to 36 months to plant and harvest (see Table 4.2). Visits typically occur during low tides and
last for approximately 4 hours, although plots are also accessed during high tide when the area is
inundated (accessing by boat occurs on approximately 44% of the cultch‐on‐longline operations).
Harvest activities, including the delivery of bushel tubs by boat and the collection of cultch-on-longline
oysters by people accessing the site on foot from vessels moored in adjacent channels, would
occasionally include the placement of bushel tubs, which are connected to floats and would be
collected during the next high tide up to 12 hours later. The following calculations use the most
conservative assumption, that the plot is accessed during low tide by foot and not during high tide
when it is inundated.
For cultch‐on‐longline culture, it is assumed that each footprint results in a trampling area of 0.05m2
(0.5 m x 0.1 m), with a stride length of 0.3 m. Therefore, line installation (33 m or 100 ft) would result
in 5.5 m2 of potential impact from trampling. With 42 lines/acre 8, installing 1 acre would result in
231 m2 (0.06 acres) of potential impact from trampling. Access for maintenance would be a fraction
of this (approximately 5% of the plot), or 11.5 m2 (0.003 acres) for a 1-acre plot. Finally, a harvest
would be approximately the same as a planting event. In total, there would be a 0.2 acres of potential
impacts from trampling for every 1-acre planted throughout an 18-month culture cycle. Ruesink et al.
(2012) indicated that cutting shoots but leaving the rhizomes resulted in eelgrass recovery after 2‐
8

Number of double hung lines per acre.
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months in Willapa Bay. Similarly, Major et al. (2004) conducted a study in Willapa Bay and reported
that the only areas where trampling effects where observed were in fine sediment (mud) and nonnative
eelgrass (Zostera japonica), which recovered within a 1‐month period. For proposed aquaculture
activities it is likely that recovery would occur within this 1‐month time period because shoots would
not be removed or cut from planting operations, but may be trampled. Therefore, as proposed in the
Project, planting every 18 months combined with monthly maintenance would allow for recovery
between visits.
Basket-on-longline culture is visited more frequently than cultch-on-longline. This culture method is
visited on an almost daily basis, but crews are not in the same parts of the bed each day; instead, they
work through a bed such that an individual line is visited on average once every 4 months (average
rate of 12 days per acre). Apart from planting and harvest, most activity is simply a visual inspection
of culture equipment where staff can survey large amounts of equipment without physically accessing
all parts of the plot. In addition, plots are primarily accessed when they are inundated during high tide
(accessing by boat occurs on approximately 80% of basket‐on‐longline operations). Given the
calculations above for cultch‐on‐longline, visiting a basket-on-longline area once every 4 months
would not be expected to result in permanent damage to eelgrass shoots from trampling activities.
Rack-and-bag culture requires daily visits to inspect, monitor, and repair bags, but rack-and-bag culture
would not be placed in eelgrass (Conservation Measure BIO-4). Apart from planting and harvest,
most activity is simply a visual inspection of culture equipment where staff can survey large amounts
of equipment without physically accessing all parts of the plot.
The above calculations indicate that trampling represents impacts to a small portion of a plot over an
18-month period. In addition, recovery would occur within a relatively short time frame and before
the next disturbance event within any one location. In general, disturbance events associated with
shellfish aquaculture operations in eelgrass are considered infrequent and of short duration within any
one location. Therefore, trampling impacts to eelgrass are considered less than significant under
CEQA.
IMPACT BIO-5: Potential to contribute to habitat fragmentation by placing oyster
longline aquaculture within patchy and continuous eelgrass beds and boat use.
The placement of longline aquaculture (i.e., basket-on-longline and cultch-on-longline) within patchy
and continuous eelgrass beds is not expected to contribute to habitat fragmentation. Habitat
fragmentation is a common concern, and well documented, for terrestrial systems (e.g., Harrison and
Bruna 1999, Wilcove et al. 1986, Wilcox and Murphy 1985). Reed and Hovel (2006) studied small
(4m2) and large (16m2) experimental gaps in eelgrass beds to evaluate the potential effects of small and
large scale fragmentation on epifauna. They found no effect to epifaunal species richness, total
epifauna density or diversity in small plots, and, in large plots, effects were not observed until eelgrass
losses exceeded 90%. The impacts of gaps and edge effects on eelgrass community structure remains
poorly understood and responses may be specific to the type of community and invertebrate species.
Two of the key reasons there is risk to species from habitat fragmentation are that movement between
habitats may be impacted and that species may have insufficient habitat to survive in the same
environment. The Project’s potential impacts are related to eelgrass density reduction, but the vast
majority of habitat in North Bay would remain unchanged. Further, Conservation Measure BIO-2
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indicates that shellfish aquaculture expansion would occur at 10-ft spacing (cultch) and alternating 9ft and 16-ft spacing (basket), which means that migration through the expansion areas by fish and
wildlife would not be affected.
In contrast to the studies identified above, there are studies that can provide an understanding of
potential risk to marine environments related to habitat fragments. These studies include information
on anchoring or grounding of work vessels in eelgrass, and the mechanisms of effect discussed in
IMPACT BIO-3. Both of these potential impacts are discussed below.
When shellfish operators access oyster plots at high tide, boats may need to be anchored while work
is performed. One study in Port-Cros National Park in France found that Brittany-type anchors with
10 m of chain and an electric windlass dropped into Neptune grass (Posidonia oceanica) resulted in an
average of 34 uprooted or broken shoots per m2 during each anchoring cycle (Francour et al 1999).
Fragmentation of seagrass beds was positively correlated with moderate anchoring pressure
(0.9 boats/day/2500 m2), and recovery was evident after 3 years. It should be noted that Neptune
grass is a long lived species and successful recovery of Neptune grass is accomplished by vegetative
growth rather than seed production and seedling establishment (Marba et al. 1996 as cited in Milazzo
et al. 2004). Recovery times are dependent largely on the growth characteristics of impacted seagrass
species with faster growing species recovering more quickly. Therefore, this study and recovery
potential is more closely related to effects to turtle grass rather than eelgrass which propagates both
via vegetative growth as well as seedling establishment. In contrast to the Francour et al. (1999) study,
another study in a Neptune grass bed reported that damage from boat anchors ranged from 1.8±0.2
to 5.5±3.5 shoots per m2 during each anchoring cycle, but the study reported that small boats only had
a temporary effect to Neptune grass (Milazzo et al. 2004). The main difference between the two study
results was that the Francour et al. (1999) study used larger boats with heavier anchors (12 kg)
compared to smaller anchors weighing 4 kg with 3 m of anchor chain used in the Milazzo et. al. (2004)
study. Anchoring damage occurs in seagrass when the anchor digs into sediment and during retrieval
(Milazzo et al. 2004). Recovery of native eelgrass (Z. marina) to small disturbances is typically by
rhizome elongation, which can range between 0.22 and 0.5 meters/year (Boese et al. 2009).
These studies can be used to understand conditions associated with the proposed Project. There are
two types of boats used by Coast: lighter skiffs and larger work boats (see Table 4.1). The larger work
boats have 11 to 23 kg Danforth anchors with 20 m of chain. The lighter skiffs use 4 kg Danforth
anchors with 2 m of chain. The lighter skiffs would be used to access longlines. Compared to Francour
et al. (1999), anchoring pressure associated with Coast operations is a fraction reported from the study.
Currently, Coast uses approximately 8 boats/day to access its intertidal acreage, or 0.02
boats/day/2500 m2 (see Table 4.2) compared to the 0.9 boat/day/ 2500 m2). Even though two boats
would be added to accommodate the increase in culture area, the amount of area would increase more
than boat use. In other words, anchoring pressure would be reduced because there would be a much
larger area covered with only a slight increase in boat use. In addition, Coast will not anchor the
longline harvester (i.e., larger work boat) in a manner that would shade the same area of eelgrass for a
period extending 12 hours (Conservation Measure BIO-5). Larger work boats will not be anchored in
eelgrass (Conservation Measure BIO-6), and Coast will operate in such a way as to minimize the degree
of sediment mobilization and avoid propeller scarring in areas of eelgrass (Conservation Measure BIO7). While there may be short-term disturbance to eelgrass beds by anchors or propellers, there is no
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evidence that there is a significant loss in biomass occurring from current levels of boat use (i.e.,
permanent boat scars that appear in aerial photography data).
Other mechanisms of effect, such as shading and other processes associated with lines, will likely
reduce eelgrass density within existing eelgrass beds, as discussed in IMPACT BIO-3. However, this
reduction is not expected to be large enough to change how fish use the habitat or to affect the ability
of the bed to persist from year to year. Prey organisms in the sediment tend to be more closely linked
to sediment characteristics than to other habitat features (Frost et al. 1999, Bowden et al. 2001),
although epibenthic species on the surface of structured habitat is dependent on the presence of
structure (discussed in IMPACT BIO-12 below). Furthermore, if habitat fragmentation were to occur,
the relationship between species survival and patch characteristics are neither unidirectional nor
universal. For example, hard clam survival may improve in continuous eelgrass (Irlandi 1997), while
juvenile crab survival may improve in smaller discontinuous patches (Hovel and Lipcius 2001). The
majority of literature related to aquatic habitat indicates that edge habitat is extremely productive (Holt
et al. 1983, Orth et al. 1984, Boström et al. 2006), and as long as a habitat mosaic or diversity of habitat
types is provided, species use of an estuary would not be significantly altered (Hosack et al. 2006).
There is no identified impact associated with the Project that is likely to result in habitat fragmentation
of eelgrass or corresponding impacts to the species that use the habitat. Therefore, fragmentation
impacts to eelgrass from the Project are considered less than significant under CEQA.
IMPACT BIO-6: The potential to affect the development of floating eelgrass rafts and
wrack within intertidal habitat of North Bay.
Eelgrass provides habitat structure both within rooted eelgrass beds and in areas where fragments and
blades of eelgrass form floating rafts or wrack along the shoreline. Floating eelgrass may provide
habitat that facilitates the movements of and provides predator refugia for larval and post-larval fish
(e.g., Worcester 1994, Pinnix et al. 2013), and can promote the long distance dispersal of eelgrass seeds
(e.g., Källström et al. 2008). The break-down of floating rafts can also contribute to nutrient cycling
and the addition of nutrients can contribute to the food web through detritivores (e.g., Heck et al.
2008). Eelgrass wrack along shorelines provides a food resource for amphipods and isopods, which
in turn are preyed upon by birds and fish. The production of floating rafts and wrack is likely
proportional to overall eelgrass abundance, with some estimates indicating that approximately 50% of
eelgrass biomass produced each year contributes to detrital food webs (Mateo et al. 2003).
A reduction in eelgrass biomass from the addition of longline culture could contribute to reductions
of floating rafts and wrack. The presence of longlines could affect the movement of floating materials
and cause some material to become entangled in lines or transition from floating to submerged
detached eelgrass. However, it is anticipated that most eelgrass material will be detained temporarily
and will continue to travel to the areas where material is either concentrated into rafts by surface
currents or becomes a component of beach wrack. Any eelgrass that remains entangled in the lines
will contribute to food resources and detritus in that location. Oyster longlines spaced 10 ft and 9 ft
apart (Conservation Measure BIO-2) should provide similar circulation in the system as is currently
provided to allow for movement of material. More importantly, the Project is designed to have a net
neutral impact to eelgrass (Mitigation Measure BIO-1), which indicates that the Project will not
significantly affect the processes associated with, or habitats provided by, floating rafts and wrack.
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Therefore, impacts to floating eelgrass rafts and the creation of wrack are considered less than
significant under CEQA.
IMPACT BIO-7: The potential to change sediment distribution and tidal circulation
The largest alteration of sediment distribution and dynamics in Humboldt Bay continues to be the
dredging of channels for navigational purposes. Volumes dredged in the main shipping channels
average 143,000 cubic yards per year, with 113,000 cy on average occurring in Eureka Channel (Corps
2012). Historically, oyster harvesting practices (suction dredging) may have also caused changes in
sediment distribution (Barnhart et al. 1992). Suction dredging is no longer utilized as a method for
harvesting oysters in Humboldt Bay (Conservation Measure BIO-8). In addition, the Project would
not intentionally add shell to the substrate (as occurred during historic operations). Conservation
Measure BIO-1 requires that no intentional shell deposition that would further change the sediment
type associated with the proposed culture operations.
Shellfish aquaculture is located in North Bay, which is dominated by intertidal bars (or intertidal mud
and sandflats). Intertidal bars tend to be dynamic over time at small scales with mounds and
depressions appearing and disappearing as sediment erodes and deposits in different locations
(Hannam and Moskal 2015).
The presence of cultivation structures can have an effect on hydrodynamic conditions (wind-waves
and currents), which can then modify sedimentation rates and seabed topography (Kirby 1994 as cited
in Forrest et al. 2009). North Bay is characterized by strong tidal circulation, with relatively higher tidal
currents than other parts of Humboldt Bay because of the large tidal prism (Borgeld and Stevens
2005). Tidal flushing of North Bay can occur over 7 to 40 tidal cycles (3 to 20 days), but studies have
shown that it is possible for a water parcel to travel from the entrance of Humboldt Bay to the
northern part of North Bay in as few as 6 hours during an extreme high tide (Costa 1982). Surface
and tidal currents in North Bay will also be affected by locally generated wind-waves, particularly
during southwesterly storm events (Costa 1982). Transport of sediments, either into or out of culture
sites, is more likely to occur during storm events because of wind-waves re-suspending sediments that
can be more easily transported (Forrest et al. 2009, Mallet et al. 2009).
There are essentially two primary mechanisms of sediment transport in the marine environment:
(1) suspended load transport of finer grained material entrained in the water column, and (2) bedload
transport of larger particles that are too heavy to be suspended and roll along the seabed. Suspended
load transport can be initiated by either tidal currents or wind-waves. The primary factor in
determining sediment transport is the magnitude of the shear stress or frictional force at the seabed
generated by the water moving above the bed. In general, current speed is lowest at the seabed, speed
increases exponentially with distance away from the bed in the first 1 ft to 2 ft above the bed, and the
rate at which the speed increases gradually lessens 1 ft to 2 ft above the bed. The region of the water
column where shear stress increases and controls the suspension of sediment is called the bottom
boundary layer. Tidal currents can interact directly within the bottom boundary layer, but tend to
produce a laminar flow moving horizontal to the seabed. Wind-waves often enhance background tidal
currents, but they also produce wave orbital velocities that are more circular and turbulent in nature.
Larger concentrations of sediments tend to be suspended during wind-wave events because of the
combined tidal and wind-wave forces, and the ability of wind waves to increase shear stress in the
bottom boundary layer.
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Studies in Willapa Bay, Washington, a similar meso-tidal estuary to Humboldt Bay, showed that strong
wind events increased tidal flows and increased suspended sediment concentrations (Nowacki and
Ogston 2013). Furthermore, these studies showed that short fetch waves (small, but turbulent) tend
to create higher shear stress during low water conditions because the wave orbital velocities are acting
within the bottom boundary layer. However, longer waves, which can be generated in areas with longer
fetch, have more of an influence on shear stress during higher water elevations because they occur
over a longer duration (Nowacki and Ogston 2013). Sediment transport processes in the areas of
culture on the west side of North Bay (short fetch) will be most affected by tidal currents combined
with short waves during low water. Whereas areas of culture on the east side of North Bay (longer
fetch) will be most affected by tidal currents combined with longer waves in areas where they are
submerged at mean and higher water elevations.
On the tidal flats of estuaries, such as where the culture sites are located, the sediments tend to be
finer grained and contain a large fraction of silts and clay evidenced in the grain size analysis from
Humboldt Bay (Shapiro and Associates 1980; see Figure 6.5.12). Although these silts and clays can be
easily suspended into the water column, they settle out faster than sand particles of a similar size as
the result of a process called flocculation. Flocculation is the process of particles aggregating together
to form larger, denser particles which then settle out of suspension faster than the single particles.
Studies in Willapa Bay, Washington, showed that sediments on muddy tidal flats tend to be more
consolidated and more difficult to erode as compared to channels and the banks directly adjacent to
channels because of the presence of flocs on the flats (Wiberg et al, 2013).
Potential changes to hydrodynamics, sediment transport patterns, and seabed elevations in culture
areas are dependent on the spatial extent of the disturbance compared to the spatial distribution in
which these processes are acting. Studies have shown that the degree of the effects of culture on
hydrodynamics and sediment transport is dependent on the porosity of the structures and, therefore,
the physical dimensions and spacing of the structures (e.g., height and density) (Forrest et al. 2009).
In a simplistic sense, this effect can be minimized by increasing the porosity of the structure or the
ability for the water to flow through the structure. However, since sediment transport is initiated in
the bottom boundary layer, it is important to also consider the height off the seabed of structures
relative to the expected water depths or the overlap between the bottom boundary layer and the
structures. Finally, it is important to keep in mind that the height of the bottom boundary layer off
the bed is highly variable as it change with water depth and current speed. Therefore, the following
discussion on potential impacts of different culture structures assumes the structures are submerged.
All culture structures have vertical cylindrical PVC support posts, which will directly interact with the
bottom boundary layer causing an abrupt change in hydrodynamics and localized changes in bedload
and suspended load sediment transport. This change can result in erosion of sediment around the post
(scour). Scour around cylindrical structures is proportional to the diameter of the structure, speed of
flow, and mean grain size distribution. In the case of scour around the PVC posts for culture structures
on tidal flats, post diameters and grain size are small and, therefore, the depth and extent of scour will
be localized (e.g., a few inches away from the post).
The horizontal components of proposed culture structures include cultch-on-longlines, basket-onlonglines, and rack-and-bag structures. Cultch-on-longlines include single-hung and double-hung
designs. In general, culture structures will tend to slightly dampen shear stress in the bottom boundary
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layer generated under wind-waves when the structures are submerged because wind-waves are initiated
in the water surface and then penetrate downward through the water column. Studies of suspended
mussel culture longlines have shown that gear may alter hydrodynamics and reduce flow rates at the
farm scale. For example, a study in southern Norway suggested that flow velocities may be reduced
by up to 30% in areas of longline mussel aquaculture (Strohmeier et al. 2005). However, Gambi et al.
(1990) reported that eelgrass beds also reduced flows between 14.7% and 40.6% as compared to values
up drift (or up current). Although the combination of eelgrass and longline aquaculture may slightly
reduce flow rates beyond either activity alone, placing longlines in eelgrass is not likely to significantly
change sediment dynamics beyond the natural conditions exhibited in eelgrass beds.
Single-hung longlines are the most porous cultures structures and, therefore, they are expected to have
the least impacts to circulation and sediment transport. In addition, single-hung longlines are located
approximately 12 inches off the seabed, which is near the top of the bottom boundary layer. Doublehung longlines have lines located closer to the seabed (8 inches) as well as a second line 16 inches
above the seabed. Because double-hung lines are closer to the seabed they are expected to be slightly
more disruptive to the processes in the bottom boundary layer. However, the second longline is above
the bottom boundary layer, and the presence of the second longline should have minimal impact on
sediment transport processes. Basket-on-longline and rack-and-bag structures are both much less
porous than cultch-on-longline, and are expected to have the greatest potential disruption to
hydrodynamics. However, both of these denser structures tend to be located near the upper portion
of the bottom boundary layer when fully submerged, which is not likely to cause erosion underneath
the structures, but rather deposition adjacent to the structures from flow dampening.
The physical alteration of the elevation of the seabed by shell accumulation can also alter the
hydrodynamics by decreasing the water depth (Forrest et al. 2009). Forrest et al. (2009) commented
that effects on seabed topography can also occur at sites where cultivation structures are not only high
density (less porous), but aligned perpendicular to tidal currents. The goal of gear placement for
existing culture has been to align gear to minimize sediment accumulation or scouring. This may
include gear being placed parallel to tidal currents, to the extent practicable, although currents change
seasonally (Dale, pers. comm., 2015).
Overall, it appears that gear placement measures of current shellfish aquaculture have resulted in few
changes to the seabed of Humboldt Bay where shellfish culture occurs, which also translates into few
changes to the overall hydrodynamics of the system. For example, Rumrill and Poulton (2004)
reported a deposition of fine sediments in 5-ft spaced single-hung longlines in May (up to 95 mm)
that was eroded by July (down to 51 mm). The authors gave no indication whether this was a
significant change or if this change persisted. Typically, the detection limit for this type of study is 80
mm (Hannam and Mouskal 2015), which indicates that this change observed by Rumrill and Poulton
(2004) is minor. It is anticipated that basket-on-longline areas will have similar effects, although they
would potentially be an intermediate effect between cultch-on-longline and rack-and-bag (discussed
above). Regardless, studies in locations with active transport (such as Humboldt Bay) do not indicate
that changes to sediment distribution and tidal circulation from the proposed types of shellfish
aquaculture primarily proposed by the Project result in significant changes to seabed topography (see
discussion in Forrest et al. 2009).
The proposed Project, with 10-ft spacing between cultch-on-longlines, 9-ft spacing between two
basket-on-longlines and then a 16-ft space, and low density of rack-and-bag structures, is not expected
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to significantly affect hydrodynamic conditions or sediment deposition patterns in North Bay. For the
majority of proposed culture, which would be placed in eelgrass, oyster longlines will be similar to
conditions exhibited in eelgrass beds. Overall, the effect of the Project on these habitat variables is
considered less than significant under CEQA.
IMPACT BIO-8: The potential to change water column nutrients and turbidity
conditions within intertidal habitat of North Bay.
Development around North Bay results in nutrient input from a variety of anthropogenic sources.
These include sewage treatment plants, septic systems, highway and parking lot run-off, domestic
animal waste and lawn fertilizers. Turbidity is likely due to a combination of natural and humanexacerbated factors. These factors include seasonally high phytoplankton concentrations and sediment
resuspension by wind-generated currents and particulates in runoff (Gilkerson 2008, Swanson et al.
2012, Shaughnessy and Hurst 2014), especially following rainfall events that are periodically
exacerbated by human activities such as timber harvest and development.
Oysters remove nutrients from the water column and can reduce turbidity through filter feeding on
phytoplankton and other particulate matter (Figure 6.5.17). The amount of benefit that filtration
provides depends on the physical mixing of nutrient sources (e.g., oceanic vs. riverine), residence time
in the estuary, and grazing pressure of farmed shellfish (Dumbauld et al. 2009). While not currently
recognized as a significant benefit in West Coast estuaries, bivalve filtration may become more
valuable as nutrient input increases within coastal communities and solutions are needed to reduce
nutrient levels (Shumway et al. 2003, Burkholder and Shumway 2011, Kellogg et al. 2013).
As an example of the potential benefits offered by shellfish filtration and nutrient sequestration,
Kellogg et al. (2013) partially quantified the removal of nutrients from the water column at a subtidal
oyster reef restoration site compared to an adjacent control site in the Choptank River within
Chesapeake Bay, Maryland. The authors indicated that denitrification rates at the oyster reef in August
were “among the highest ever recorded for an aquatic system.” In addition, a significant portion of
the available nitrogen and phosphorous (47% and 48% of total standing stock, respectively) were
sequestered in the shells of live oysters and mussels. Although the magnitude of change was likely
affected by the overall size and complexity of the reef, this study provides strong support for the net
benefit of nutrient removal by shellfish. An ancillary benefit of the shellfish reef structure, which is
also true for shellfish aquaculture gear and shellfish, was that the structure and faunal composition
provide ample microhabitats for communities of nitrifying microbes. One of the conclusions by
Kellogg et al. (2013) was that oyster reef restoration could be considered a “safety net” to reduce
additional downstream impacts to water quality. Because shellfish aquaculture provides many of the
same benefits, with the added benefit of the total removal of nutrients at harvest, the shellfish
aquaculture can be considered a net benefit to water quality ecosystem functions.
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Figure 6.5.17 Primary Nitrogen Pathways Associated with Oysters and Reef Organisms

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

The studies described above confirm the importance of cultured and natural shellfish assemblages in
maintenance of ecosystem stability in many marine estuaries. Relating these observations to Humboldt
Bay, filter feeding shellfish may locally reduce turbidity and represent a net removal of nitrogen from
the bay, as well as a net translocation of nitrogen from the water column to the sediments. The
turbidity changes are too small to represent a measurable change from natural variation. The net
removal of nitrogen is beneficial, as it compensates for anthropogenic additions of nitrogen, but data
are not adequate to quantitatively compare anthropogenic nitrogen influx vis-à-vis nitrogen removal
via oyster harvest. The effects of nitrogen translocation are unclear, and it is not possible to predict
with confidence how those effects are altering North Bay, or whether the effects are adverse or
beneficial.
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Shellfish gear could also affect turbidity within North Bay. Boldt et al (2013) showed that the
vegetative cover of the tidal flats in Willapa Bay, Washington, in the summer tend to trap sediment on
the seabed and prevent the resuspension and transport of sediment resulting in lower turbidity in the
summer than in the winter. In the winter, when there is less vegetative cover on the tidal flats,
hydrodynamic conditions (in particular wind-waves) tend to be more energetic and background levels
of turbidity tend to be higher, as described in Section 6.5.1.2, above. The presence of shellfish gear is
expected to have an overall dampening on hydrodynamics and sediment re-suspension (see IMPACT
BIO-7) resulting in lower turbidity (suspended sediment concentrations) directly within the culture
structures as compared to background. The majority of the proposed culture structures will be placed
predominantly in eelgrass beds and, therefore, are not expected to significantly change the background
hydrodynamics or turbidity within this habitat type.
The potential for the Project to change water column nutrients is beneficial (albeit small), and the
potential to increase turbidity, or even substantially change conditions compared to natural
background conditions, is small. Therefore, impacts to these resources from the Project are considered
less than significant under CEQA.
IMPACT BIO-9: The potential to exceed carrying capacity in Humboldt Bay.
As noted above, shellfish filter water, and by doing so, can affect food resources for other filter feeding
organisms. The Humboldt Bay Mariculture Carrying Capacity Analysis (Carrying Capacity Analysis),
attached as Appendix E, assessed the potential cumulative impacts associated with the Project, the
Harbor District’s Humboldt Bay Mariculture Pre-Permitting Project, and existing culture in the bay.
The results of this analysis are summarized here. Note that the information below provides the
cumulative results proposed and existing culture, including the Project, rather than separating out the
effects from the Project specifically.
The Carrying Capacity Analysis used a set of three indicators developed for shellfish farms by Gibbs
(2007) for assessing environmental performance and determining culture carrying capacity within a
system, including: (1) clearance efficiency, (2) filtration pressure, and (3) regulation ratio. For each
indicator, Gibbs (2007) noted specific thresholds at which the level of culture is nearing the capacity
of the system. Based on a review of local data and literature, the Carrying Capacity Analysis calculated
clearance efficiency from three different flushing rates for Humboldt Bay: 3 days, 7 days, and 14 days.
The most important indicators used to determine carrying capacity of Humboldt Bay were filtration
pressure and regulation ratio. While clearance efficiency was important, and may be approaching the
flushing rate for Humboldt Bay under the worst-case scenario, it does not account for phytoplankton
production in the bay and only considers the volume of water available for filtration. Comparatively,
the other two indicators specifically address the question of food availability. Filtration pressure was
shown to range between 5% and 9%, depending on a range of clearance rates, which indicates that
the “vast majority of carbon fixed by phytoplankton remains available to non-cultured species.” This
was considered a conservative result because the calculations do not account for other sources of
productivity (e.g., detritus, benthic microalgae, biodeposits), which could add another 30% of carbon
to the system (Headstrom 1994 as cited in Appendix G). The final indicator, regulation ratio, was well
below the 0.05 threshold established by Gibbs (2007), which indicates that phytoplankton turnover
rate replaces itself several times per day. Overall, the Carrying Capacity Analysis concluded that the
existing and proposed culture would have some cumulative effect on Humboldt Bay food resources,
Coast Seafoods Company
Recirculated Draft EIR

6.5-63

Humboldt Bay Harbor District
July 2016

but there is an abundance of food available and cultured species will not significantly affect the food
resources in the bay. Therefore, impacts to food resources for other filter feeding organisms are
considered less than significant under CEQA.
IMPACT BIO-10: The potential to change the presence and persistence of
contaminants within North Bay.
Oyster culture has the potential to increase contaminants in the water column associated with the use
of work skiffs for accessing the oyster beds and associated areas. As with any mechanized machinery,
there is a limited risk of accidental discharge of fuel, lubricants, or hydraulic fluids. The risk to water
quality depends on the type of contaminant spilled, time of year, spill amount, and success of
containment efforts. Although spills of this nature are detrimental to aquatic organisms, it is expected
the impacts would be negligible because of the limited occurrence of spills. Coast is also implementing
a number of Conservation Measures (as discussed in Section 6.10, Hazards) to minimize the potential
for spills and to reduce impacts from any spill that does occur. For example, Coast fuels its boats at
the local commercial fuel dock and maintains oil spill absorption pads and seals wash decks or isolates
fueling areas prior to fueling so as to prevent any contaminants from entering the water. Coast has
also converted all of its skiff motors to highly efficient, less polluting 4-stroke outboards. Coast
regularly cleans and maintains all of their equipment and is highly motivated to avoid any spillage of
contaminants due to the sensitive nature of oysters both in terms of growth and taste with respect to
petrochemicals.
Historic land uses around Humboldt Bay have contributed to legacy sediment contamination of both
polychlorinated biphenyls (PCBs) and dioxins including pentachlorophenol. These contaminants may
bind to sediments and can be remobilized by ground disturbing activities. However, there are no
known areas of concerns for these contaminants within the project and the project’s proposed culture
method, involving the use of stakes and suspending shellfish in the water column, limits the potential
for sediment disturbance.
With the Conservation and Mitigation Measures discussed in Section 6.10, this impact is considered
less than significant under CEQA.
IMPACT BIO-11: The potential to change sediment quality underneath shellfish
aquaculture gear due to biodeposits from filter-feeding organisms.
Shellfish consume nutrients (via filtration of phytoplankton) and create biodeposits (feces and
pseudofeces); a process called “benthic-pelagic coupling.” Nitrogen and phosphorous that are not
digested by bivalves and incorporated into tissue are excreted as soluble ammonia and biodeposits.
When these biodeposits become incorporated into aerobic surficial sediments, microbially-mediated
processes facilitate nitrification-denitrification coupling to permanently remove sediment-associated
nitrogen as nitrogen gas (detailed above in Figure 6.5.17). According to Newell et al. (2005): “[T]he
species of bivalves that can exert the greatest influence on benthic-pelagic coupling are those, such as
oysters and mussels, which maintain high clearance rates and reject relatively large amounts of POM
[particulate organic matter] as pseudofeces.”
The release of nutrients can have both negative and positive benefits to a system, depending on scale
of the aquaculture operation, and physical conditions of the system (e.g., flushing rate and circulation).
Coast Seafoods Company
Recirculated Draft EIR

6.5-64

Humboldt Bay Harbor District
July 2016

The deposition of biodeposits within a shellfish farm can increase the organics in the sediment and
potentially change sediment quality. According to Forrest et al. (2009), “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’.” For example, Mallet et al. (2006) reported that oysters from South St-Simon Bay (New
Brunswick) raised at a biomass ranging between 4 and 8 kg/m2 in an 86.5-acre oyster lease using rackand-bag and floating bag culture showed no significant differences in sediment chemistry between the
culture and control sites. St-Simon Bay is characterized as a shallow open bay with excellent water
exchange, an extensive eelgrass bed, and bottom sediments that are frequently re-suspended by wind
events, particularly during the spring and fall. Comparatively, in Humboldt Bay, oysters in the
expansion area are proposed to occur at a biomass of 0.12 kg/m2, substantially lower than those
reported in St-Simon Bay. At the same time, Humboldt Bay has many similarities to St-Simon Bay in
terms of dynamic shallow water environment (Costa 1982; Borgeld and Stevens 2005). , extensive
eelgrass beds, and re-suspended sediments from wind and wave events (Rumrill and Poulton 2004).
Similar to North Bay, St-Simon Bay is a small bay within a larger bay (Bay of Chaleurs) and in a
geographic region with a large tidal range therefore both bays would experience similar rates of tidal
flushing in the spring to fall. Because of the present of ice, the tidal water exchange in St-Simon Bay
is dampened in the winter (Mallet et al. 2006). Therefore, on annual basis the tidal water exchange in
Humboldt Bay would be expected to be greater than the water exchange in St-Simon Bay. As a result
of the dynamic environment of Humboldt Bay as described in more detail in IMPACT BIO-7, it is
expected that no significant changes to sediment chemistry would be expected.
Peterson and Heck (1999) suggested that by increasing sediment nutrient levels, shellfish may create
new habitat areas for colonization of seagrasses, or maintain sufficient nutrient levels for the continued
existence of seagrasses where sediment porewater nutrients and organic materials are limiting. Eelgrass
can derive nutrients from both the sediments and the water column. The interstitial water (or sediment
porewater) contains higher concentrations of dissolved inorganic and organic nutrients than the water
column, and eelgrass obtains most macronutrients from sediments. Sediment reservoirs of nutrients
can become depleted when biogeochemical regeneration rates cannot meet plant demands (Short
1983, 1987); however, North Bay may not be lacking porewater nutrients (Tennant 2006). Positive
impacts could occur because the shellfish move carbon and nutrients from the water column to the
benthos. Although studies related to sediment “fertilization” from bivalve deposition have shown
enhanced eelgrass growth along the East Coast (e.g., Peterson and Heck 1999), similar studies in the
Pacific Northwest appear to show no effect on eelgrass growth (Wagner et al. 2012, Ruesink and
Rowell 2012, Wheat and Ruesink 2013). Studies in the Pacific Northwest indicate either that eelgrass
is not generally nutrient limited or that sediment porewater nutrients are naturally high and that
shellfish aquaculture (at the densities proposed) would not significantly affect sediment quality.
Based on the literature related to sediment quality changes at different shellfish aquaculture densities
and the lack of evidence of organic enrichment in a well-flushed system, the density of culture and
circulation or wave energy in Humboldt Bay as demonstrated in IMPACT BIO-7 would reduce this
potential effect so that it is less than significant under CEQA.
IMPACT BIO-12: The potential to change benthic invertebrate species composition
through the addition of nutrients to the sediment or adding structure.
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Changes to species composition can affect prey resources (benthic invertebrates) for fish and wildlife
using Humboldt Bay. The two primary potential drivers of change to the benthic community as a
result of shellfish aquaculture are changes to sediment quality from increased biodeposition and the
addition of structured habitat where organisms can colonize.
The majority of studies related to changes from increased biodeposition are from rack-and-bag culture
in France (e.g., Castel et al. 1989, Leguerrier et al. 2004, Dubois et al. 2007, Bouchet and Sauriau 2008).
The information from these studies should be interpreted cautiously. Standing stock of oysters in
France significantly dwarfs the current total production in California estuaries. For example, the rack
culture in Pertuis Charentais (SW France), which includes Marennes-Oléron Bay, extends over 4,000
ha (or 9,884 acres) and includes a standing stock of approximately 125,000 tons of Pacific oysters
(Bouchet and Sauriau 2008). This areal extent, which does not consider density (i.e., standing stock),
is over 10 orders of magnitude greater than what is proposed for the Project. According to Dubois et
al. (2007), the presence of shellfish in high densities (>125 individuals per m2) can increase the organic
matter content in the sediment and result in opportunistic species of crustaceans and annelids that
feed directly on the detritus, or predators (e.g., carnivorous polychaetes and crabs) that are attracted
to the increase in detritus feeders. In comparison, Coast oyster densities are approximately 50
individuals per m2 for cultch-on-longline single-hung, 60 individuals per m2 for basket-on-longline,
100 individuals per m2 for cultch-on-longline double-hung, and 120 individuals per m2 for rack-andbag culture. Note that rack-and-bag culture represents approximately 1% of the proposed culture
methods. Overall, densities are lower compared to the threshold established by Dubois et al. (2007)
which induced changes to the organic content of the sediment. In addition to oyster density,
circulation dynamics in the system, among other factors, also limit the potential for changes in
sediment quality as discussed above.
A carbon-based food web model investigated the effects of oyster cultivation (rack-and-bag methods)
in Marennes-Oléron Bay (Leguerrier et al. 2004). The authors indicated that, “meiofauna enhancement
by the oyster cultures played a key role in carbon transfer.” According to simulations of oyster
production in Marennes-Oléron Bay, the system remained stable even when oyster culture was
doubled from 4,448 acres to 8,896 acres, suggesting either that oyster culture has a small impact on
the stability of the ecosystem or that the ecosystem has adapted to oyster culture. Leguerrier et al.
(2004) concluded that the oyster culture’s positive influence on meiofauna biomass resulted in a
positive impact on the food supply of two biotic vectors: birds and fishes. In Humboldt Bay, a carrying
capacity analysis was performed (Appendix E), as summarized in IMPACT BIO-9. The Carrying
Capacity Analysis provides some indication of potential effects to the food web, at least for
phytoplankton resources. The analysis indicated that 5% to 9% of the carbon fixed by phytoplankton
would be diverted to cultured shellfish, depending on the species-specific clearance rate. It is notable
that these values do not account for the carbon consumed that are recycled to the environment (e.g.,
benthic-pelagic coupling) or carbon that is held in place by retaining wrack and macroalgal growth on
gear, which would further minimize the carbon diverted to cultured shellfish. Overall, the proposed
Project is likely to have a minor impact through the addition of nutrients to the sediment that would
result in an insignificant change to benthic invertebrate species composition.
The second potential driver of change, addition of structure, has been studied by multiple authors
throughout the West Coast. These studies generally support the assertion that oyster aquaculture gear
provides similar benefits to benthic invertebrate abundance and variation compared to other
structured habitats (e.g., eelgrass). Hosack et al. (2006) reported that benthic invertebrates were
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strongly associated with habitat type, and structured habitats (oyster beds and eelgrass) had higher
species abundance than other habitat types. Earlier work by Hosack (2003) reported that important
fish prey organisms, such as harpacticoid copepods, exhibited higher densities in both dense eelgrass
and oyster habitats than sand or mudflats. Similarly, Simenstad and Fresh (1995) noted that in
Washington, the diversity of epibenthic harpacticoid copepods was higher on active ground oyster
culture plots with 3-year old oysters present compared to an inactive plot where oysters and eelgrass
were present.
These observations parallel those of Ferraro and Cole (2007, 2011, 2012) in Oregon and Washington
estuaries. Ferraro and Cole (2007) compared the benthic invertebrate composition among seven
different habitat types, including oyster ground culture and eelgrass, in Willapa Bay, Washington.
Benthic macrofaunal communities did not differ on any of the ecological indicators evaluated in this
study in either eelgrass or oyster environments. For example, infauna were similar between all habitat
groups with slightly varying contributions from each invertebrate group (Figure 6.5.18).
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Figure 6.5.18 Percent Abundance of Benthic Invertebrates in Willapa Bay.
Source: Ferraro and Cole 2007.

Ferraro and Cole (2011, 2012) expanded on this study in Grays Harbor, Washington, and Tillamook
Bay, Oregon. Results of both studies indicate that the presence of benthic invertebrates in oyster
culture areas along the West Coast are comparable to other structured habitats like eelgrass. In all
three estuaries, oyster habitat had the highest values for mean species richness, abundance, and
biomass of benthic invertebrates, and was considered the same as eelgrass habitat in terms of the
potential to provide prey resources. In addition, both eelgrass and oyster habitats had significantly
more prey resources than unstructured habitats (Ferraro and Cole 2007, 2011, 2012).
In terms of studies more directly related to oyster longlines, Rumrill and Poulton (2004) investigated
differences in the benthic invertebrate community between cultch-on-longline plots, the eelgrass
control plot, and eelgrass reference sites in Humboldt Bay. Results of the study showed that
invertebrate biomass was highest in the experimental oyster longline plots and lowest in some of the
eelgrass reference sites. It was also noted, although not reported in Figure 6.5.19 below, that
invertebrate biomass was lowest in oyster ground culture sites that had been suction dredge harvested.
In addition to biomass, the composition of the invertebrate communities was not significantly
different between the longline plot and eelgrass control plot (Figure 6.5.19). This study provides
evidence that oyster longline aquaculture in eelgrass habitat does not significantly change the species
composition to benthic invertebrate communities compared to eelgrass habitat.
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Figure 6.5.19 Percent Biomass of Benthic Invertebrates in North Bay.
Source: Rumrill and Poulton 2004.

Densities of bivalves or amount of culture that would occur in the proposed Project expansion area
do not rise to the level of concern where effects have been reported in the benthic community. The
literature does, however, support the conclusion that oyster aquaculture gear provides similar foraging
habitat and species composition as found in other structured environments (e.g., eelgrass), and may
provide more benthic invertebrates and epibenthic invertebrates than mudflat habitat because of the
addition of attachment points for organisms. Studies have found that brackish water invertebrate prey
survival improves as habitat complexity increases due to reduced feeding efficiencies of visual
predators (Mattila 1992). While this is a change to the system, the literature indicates that these changes
provide an advantage to smaller organisms or to organisms that use these areas as rearing habitat
during certain life history stages. In addition, as discussed in IMPACT BIO-2, changes to unstructured
habitat represent a small component of the proposed Project and available habitat in North Bay.
Therefore, changes to species composition are considered less than significant impact under CEQA.
IMPACT BIO-13: The potential to change benthic species composition through
trampling during site access for shellfish aquaculture activities (e.g., planting,
harvesting, and maintenance).
There is some literature indicating that trampling effects can impact the benthic community, both in
unvegetated areas and in areas with eelgrass, but these studies are unlikely to represent conditions
associated with Coast operations. Rossi et al (2007) researched trampling in an intertidal mudflat of
Paulina Polder (the Netherlands) at a rate of 2 visits per month by 5 people over an 8-month period
within a 0.15-acre study area. The authors reported that trampling at this rate indirectly enhanced the
recruitment rate of the macoma clam (Macoma balthica), while the smaller cockle (Cerastoderma edule) did
not react to the trampling. The authors concluded that trampling at this rate may eventually lead to
the dominance of the macoma clam. The Eckrich and Holmquist (2000) study discussed above in
IMPACT BIO-4 (associated with turtle grass in Puerto Rico) looked at impacts to invertebrates and
fish at different trampling intensities. They found that, at a trampling rate of 20 events per month and
greater, abundances of shrimp decreased while fish did not change.
Two main factors are relevant to how applicable the above studies are at predicting potential changes
to Humboldt Bay habitat: (1) habitat type, and (2) frequency and intensity of human presence. As
discussed above, turtle grass is a climax seagrass species with relatively slow rates of growth and
resilience compared to eelgrass, thus it is unlikely that results similar to those observed by Eckrich and
Holmquist (2000) would be observed in Humboldt Bay. More importantly, the trampling frequency
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and intensity in Coast shellfish aquaculture plots would be much lower. For example, for cultch-onlongline (which is the majority of proposed culture methods), activity occurs about 2 days per acre
every 18 to 36 months for planting and harvesting and 4 hours per 10-acre area once each month.
Frequency and intensity for basket-on-longline is about 12 days per acre with the same line in rotation
about every 4 months.
Aside from the low frequency of access for longlines, a portion of the access is conducted when the
beds are inundated (approximately 44% for cultch-on-longline and 80% for basket-on-longline/rackand-bag). Therefore, potential trampling does not occur at the rates discussed above in the cited
literature even though human presence occurs more frequently. The most intensive culture method
proposed, in terms of trampling potential, is rack-and-bag. This culture method is proposed in 4 acres
of unstructured habitat outside of eelgrass, and would require daily activity (staff accessing aquaculture
gear on foot) for maintenance. Within Coast’s current culture footprint, they have converted all rackand-bag culture to basket-on-longline culture. The main reason that Coast has transitioned to longline
methods is to reduce its ecological footprint in the bay. Longlines (both cultch-on-longline and basketon-longline) require less maintenance than rack-and-bag culture, result in better gear retention and
maintenance, and allow culture sites to be accessed more easily when the plots are inundated.
However, even with the higher level of activity associated with rack-and-bag culture, sites can only be
accessed an average of 34% of the year when the plots are exposed during a low tide (Table 6.5.12),
which naturally reduces trampling potential associated with shellfish aquaculture operations.
Table 6.5.12 Amount of Additional Exposure for Oyster Culture Based on Tidal Height and
Gear Height.
Project
Phase

Culture Method

cultch 10-ft single
cultch 10-ft double (bottom line)
Phase I
cultch 10-ft double (top line)
basket (9 ft)
rack-and-bag
Weighted Phase I Average
Phase II
cultch 10-ft single

1.4
0.9
1.6
1.7
3.1

Average
Height of
Culture Area
(ft MLLW)
0.1
-0.1
-0.1
0.4
1.9

1.7

0.4

Height above
Bottom (ft)

Percent of Time Out
of Water
14%
10%
16%
17%
34%
13%
18%

Overall, the culture methods proposed by Coast have a lower frequency of activity within specific
areas of the bay than those studied by either Rossi et al (2007) or Eckrich and Holmquist (2000).
Further, these studies do not support a major shift in species composition due to trampling effects,
especially within higher trophic levels such as fish. Disturbance associated with shellfish aquaculture
in Humboldt Bay is infrequent and of short duration within any one location. Therefore, trampling
effects to the benthic community are considered to be less than significant under CEQA.
IMPACT BIO-14: The potential to introduce non-indigenous species (NIS) to
Humboldt Bay from commercial shellfish aquaculture operations.
NIS concerns are associated with either the introduction of new NIS organisms to Humboldt Bay or
providing habitat for and supporting the continuing expansion for NIS that are established in
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Humboldt Bay. Boyd et al. (2002) conducted a census of NIS throughout Humboldt Bay from August
2000 to December 2001. Fouling invertebrates were sampled at 21 intertidal sites and 5 marina
locations. Benthic invertebrates were collected at 87 stations. Fish were surveyed using seines, traps,
and trawls at over 300 locations. Almost all NIS species identified were fouling organisms at marinas,
although a number of species were also found in oyster growing areas. Out of 95 organisms identified
in Humboldt Bay by Boyd et al. (2002), 14 species were found in oyster growing areas. The species
identified were from nine different groups: (1) marine algae, (2) sponges, (3) anemones, (4) a limpet,
(5) Pacific oysters (cultured), (6) a copepod commonly found in oysters, (7) amphipods, (8) bryozoans,
and (9) a tunicate (Botrylloides sp.).
The list of NIS sampled from Humboldt Bay were compared to surveys of NIS in San Francisco Bay
(Cohen and Carlton 1995). The majority of introductions were from the long history of maritime
commerce, including both commercial shipping and mariculture, in Humboldt Bay (e.g., introductions
from ballast water or in marine algae used as packing material for oysters). Boyd et al. (2002) indicated
that most organisms were likely present in Humboldt Bay for over 100 years, with the exception of
more recent introductions of some tunicates. New introductions that were identified are primarily
associated with commercial shipping activity, especially from vessels that transit between San
Francisco Bay and Humboldt Bay.
One of the main ways in which historic oyster operations contributed to NIS in Humboldt Bay was
from the shells of oyster spat imported from Japan. Beginning in the 1930’s, the California Division
of Fish and Game (now CDFW) helped to introduce Pacific oysters from Japan in order to revive the
oyster industry in Humboldt Bay (Barrett 1963). Legacy introductions from this activity are evident
from the pattern of exotic marine algae species found in Humboldt Bay. The distribution of Lomentaria
hakodatensis and Sargassum muticum was primarily reported in Entrance Bay and to a lesser extent in
North Bay. Boyd et al. (2002) specifically noted that these species occurred in oyster growing areas of
North Bay. During the most recent surveys by SHN (2015), S. muticum was observed but not
considered common in the proposed Coast expansion areas and L. hakodatensis was not reported.
When S. muticum was observed, it was usually a single plant (~3 ft long) emanating from the sediment
surface, likely attached to a rock or other structure just under the surface layer (O’Connell, pers.
comm., 2015).
While there are legacy introductions from oyster operations in Humboldt Bay, current operations
involve a number of stringent management measures to avoid introductions. Coast is a participant in
a disease prevention program (the “Shellfish High Health Program”) sponsored by the Pacific Coast
Shellfish Growers Association (PCSGA). This program requires examination of larval oyster seed
from West Coast hatcheries by a USDA-certified Shellfish Pathologist. Interstate and foreign export
into California must be certified and regulated by a CDFW permit. The hatcheries that export shellfish
seed submit inspection reports on a regular basis to CDFW, and the importation of seed from
established hatcheries is allowed only if the hatchery has a minimum two-year history of documented
absence of disease. Given these management measures to control for disease and NIS, it is unlikely
that current oyster operations would result in new NIS introductions.
The probability that an expansion of oyster culture would expand NIS and fouling organisms outside
of the culture areas is considered unlikely. Most NIS that colonize aquaculture gear and shellfish
products are sessile (e.g., sponges, anemones, bryozoans, and tunicates) and require hard structure to
colonize a new area. Coast surveys the bay for derelict gear and historical aquaculture gear on a
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quarterly basis and actively removes artificial substrates from the bay, reducing potential habitat for
NIS that require hard substrates for attachment. FLUPSY gear is cleaned frequently to prevent the
establishment of fouling organisms. Baskets and harvested materials are removed from the bay and
processed at Coast’s Eureka processing plant. To the extent possible, Coast disposes of fouling
organisms at an upland disposal site. The only “hard structure” in the intertidal habitats where Coast
is operating is the aquaculture gear, oyster shell, and dock associated with the processing plant, and
NIS that occur in Humboldt Bay are commonly found in the system. Hard substrates are also
associated with shoreline hardening near Coast’s processing site in Eureka (Laird 2013), which is
unrelated to Coast operations.
Concerns about NIS were also raised for Drakes Estero where the existing shellfish aquaculture gear
contained an invasive tunicate (Didemnum sp.). Mercer et al. (2009) surveyed the benthic community
adjacent to cultured areas and reported that “the abundance of epifaunal organisms was not
significantly affected by presence of the ascidian mats.” None of the NIS identified in oyster growing
areas in Humboldt Bay were considered invasive 9 (Boyd et al. 2002), and these organisms are not
expected to affect the native benthic community or the Humboldt Bay environment. On the contrary,
the majority of literature related to organisms that colonize shellfish aquaculture gear are considered
to provide additional food resources for fish and larger invertebrates (see IMPACT BIO-12 above).
IMPACT BIO-15: The potential to naturalize cultured oysters (that are NIS) into
Humboldt Bay.
The cultured species of oysters (Pacific oyster and Kumamoto oyster) are both non-native to
Humboldt Bay. Although their ability to spread and persist beyond the culture area is low, primarily
because water temperature limits the functioning of oysters (Barrett 1963). The oyster species
imported into California tolerate water temperatures below 70°F well enough to permit them to grow,
but not necessarily to reproduce or for larvae to develop (Barrett 1963, Elliott-Fisk et al. 2005). This
is why these species have to be incubated in hatcheries for several weeks before they are placed on the
tideflats for grow-out. Further, Pacific oysters and Kumamoto oysters have a larval stage that lasts for
2 to 3 weeks (Barrett 1963). As discussed in IMPACT BIO-7 above, reported tidal flushing in
Humboldt Bay ranges from 3 days to 20 days. Structured habitat is also limiting in terms of locations
where oysters can settle and grow. Finally, anecdotal evidence indicates that native Olympia oysters
(Ostrea lurida) are setting on shellfish aquaculture gear (Dale, pers. comm., 2015), which may provide
a benefit to the native species in a location where structured habitat is limited.
The National Research Council (NRC) similarly concluded that there was a low risk of non-native
oysters establishing in Drakes Estero, an estuary where shellfish aquaculture occurred. The NRC
(2009) concluded that, “the combination of factors such as shellfish culture locations within the
Estero, hydrography of the system (short residence time), and the lack of suitable natural habitat for
settlement (as opposed to habitat associated with oyster culture) might mitigate against the successful
establishment of the Pacific oysters in Drakes Estero.” If oysters spread beyond the culture area, they
are not considered to be an “invasive” species, as defined above. Based on the 80+ year history of
culturing non-native oysters in Humboldt Bay, there do not appear to be adverse impacts from nonnative bivalves, displacement of native species, or establishment of Pacific oysters and Kumamoto
9

Species that are identified as invasive have to fit the criteria of “non-native organisms which cause economic or
environmental harm” (ISCC 2015).
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oysters in areas outside of Humboldt Bay. Therefore, this potential impact is considered less than
significant under CEQA.
IMPACT BIO-16: Potential impacts to Dungeness crab from the expansion of oyster
aquaculture in Humboldt Bay.
The Dungeness crab fishery is one of the most profitable fisheries in California (Hackett et al. 2009).
While adult crabs are rare in Humboldt Bay (Emmett et al. 1991), juvenile crabs use the shallow
intertidal habitat of North and South bays, although they are only known to use the first 75 m from a
channel (Williamson 2006). Predation by fish, birds, and marine mammals, loss of habitat due to
dredging, bycatch within Northwest fisheries, and commercial harvest are the most common threats
to Dungeness crab (Pauley et al. 1989, NMFS 2013). Dungeness crab populations also appear to be
sensitive to, and respond to, oceanographic conditions, which can affect larval transport and
settlement as well as predator populations (Wild and Tasto 1983). These threats are not associated
with shellfish aquaculture.
There is no known information in the literature on the potential for human activity associated with
oyster longline or rack-and-bag culture to result in impacts to Dungeness crabs. Spatial overlap
between the expansion area and near channel habitat frequented by Dungeness crabs (within 75 m of
a main channel) represents 5.3% (or 93 acres) of the near channel habitat available in North Bay overall
(1,757 acres). Further, there will be no net loss to eelgrass habitat or eelgrass density as a result of the
Project, and there are no predicted changes to the areal extent of eelgrass beds. Finally, it should be
noted that the predicted reduction in eelgrass density will primarily occur much farther from a channel
than Dungeness crab have been documented based on data reported in Williamson (2006). Therefore,
potential impacts to habitat associated with Dungeness crabs in the proposed expansion would be a
relatively minor component of the Project.
While not part of the proposed Project, there is a significant portion of legacy shell deposition that
occurs throughout the bay, including proposed expansion areas, from historical shellfish aquaculture
activity (see Figure 6.5.9 for an idea of these locations) (intentional shell deposition will not occur
from the Project, Conservation Measure BIO-1). This shell is known to support juvenile crab survival.
In Grays Harbor, Washington, the Corps mitigated channel dredging impacts to Dungeness crab
nursery habitat by spreading oyster shell, which generally exceeded the value of eelgrass habitat for
supporting juvenile crabs per areal extent (Dumbauld et al. 1993, 2000). A prevalence of crabs in this
habitat was observed during a June 8, 2016, site visit with resource agencies. While there would be
disturbance of these areas, and loss of juvenile crabs, when oyster plots are accessed, this represents a
small portion of any one location. For example, on average, Coast employees access cultch-on-longline
culture approximately 0.2% of the year (100 hours out of 61,320).
In a comparison to intertidal mudflat, seagrass (Zostera marina), and oyster (Crassostrea gigas) habitat use,
Hosack et al. (2006) indicated that, “Fish and decapod species richness and the size of ecologically
and commercially important species, such as Dungeness crab (Cancer magister), English sole (Parophrys
vetulus), or lingcod (Ophiodon elongatus), were not significantly related to habitat type.” The authors noted
that these mobile species use a diversity of habitat and the most important factor in their fitness was
the presence of a habitat mosaic that included structured habitat, open spaces, and subtidal channels.
The Project is not significantly affecting the mosaic of habitat present in North Bay. Oyster longlines
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can provide similar prey resources as eelgrass, and there would be no impacts to subtidal channels or
the corridor between subtidal channels and intertidal mudflats (see Conservation Measure BIO-9).
Studies of derelict fishing gear and crab pots suggest that marine debris can create a risk of capturing
and killing a range of marine invertebrates, fish, birds, and marine mammals (e.g., Matsuoka et al.
2005, Gilardi et al. 2010). However, entanglement of Dungeness crabs is considered unlikely due to:
(1) oyster longlines and rack-and-bag structures are not designed with the intention of trapping
organisms (i.e., much different than fishing gear and crab pots), and (2) longlines and rack-and-bag
structures are placed a minimum of 8 inches off the bottom, and crabs would be able to access the
area under the lines when the habitat is inundated. Crab entanglement has not been observed in
existing longline culture (Dale, pers. com., 2016); therefore, it is considered unlikely to occur with
aquaculture gear associated with proposed expansion. Proactive maintenance and correction of line
failures, such as required by Mitigation Measures HAZ-2 and HAZ-5, would essentially eliminate the
potential for entanglement.
Overall, impacts to Dungeness crab from the expansion of oyster aquaculture in North Bay are
considered less than significant under CEQA.
IMPACT BIO-17: Potential impacts to Pacific lamprey from the expansion of oyster
aquaculture in Humboldt Bay.
Pacific lamprey use Humboldt Bay for migration to spawning areas (e.g., Freshwater Creek), and adult
and juvenile foraging habitat during migration. The most common threats to Pacific lamprey are: dams
and diversions, agriculture runoff, urbanization, instream mining, logging, estuary alteration, harvest,
and alien species (CDFW 2016b). The primary built element that is associated with lamprey decline is
dams (CDFW 2016b). Most of these threats are not associated with shellfish aquaculture. Since the
lamprey life history is similar to that of salmonids, many of the threats and pressures may be similar.
Pacific lamprey spend most of their life in fresh or marine water, rather than estuaries. There are
numerous tributaries to Humboldt Bay, which Pacific lamprey may use to spawn, such as Freshwater
Creek (a main tributary to Humboldt Bay) where adult migrants have been observed. Estuaries are
important to Pacific lamprey for foraging, holding, and transitioning from freshwater to marine waters
(CDFW 2015b). Although the body of research on Pacific lamprey habitat needs is small, the Project
is not expected to limit use or reduce the quality of habitat in Humboldt Bay used by Pacific lamprey.
Therefore, the effects of the Project are expected to be less than significant with respect to habitat
loss or degradation for Pacific lamprey in the bay.
Adult Pacific lamprey are predators of larger fish and marine mammals. The Project would not be
expected to exclude larger fish or marine mammals from areas of the North Bay. The shallow intertidal
habitats associated with oyster aquaculture in North Bay are primarily used for nursery habitat. For
example, Pinnix et al. (2005) estimated 44% of species were using oyster longlines as nursery habitat.
This suggests that few lamprey prey items are present in the vicinity of aquaculture lines.
Overall, impacts to Pacific lamprey from the expansion of oyster aquaculture in North Bay are
considered less than significant under CEQA.
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IMPACT BIO-18: Potential impacts to sturgeon from the expansion of oyster
aquaculture in Humboldt Bay.
Both green and white sturgeon use Humboldt Bay for foraging as adults and sub-adults. While the
discussion below will focus on green sturgeon, potential impacts to white sturgeon would be similar.
Major dams, agriculture and mining runoff, road construction, legacy effects from logging, estuary
alteration, and habitat loss in spawning streams, overharvesting and poaching, and bycatch from
Northwest fisheries 10 are the most common threats to sturgeon (Benson et al 2007, CDFW 2016b,
NMFS 2016a). Fishing pressure may also affect green sturgeon because their documented long
distance migrations may subject them to fishing seasons in multiple locations (Moser and Lindley
2007). These threats are not associated with shellfish aquaculture.
Moser and Lindley (2007) indicated that green sturgeon may use coastal bays as foraging habitat due
to their high productivity. Although diet analysis is limited, the information available indicates that
preferred prey species of sturgeon include various crustaceans (especially burrowing shrimp),
mollusks, and, for adults, various fish species (Moyle et al. 1992, Moser and Lindley 2007, Dumbauld
et al. 2008). No site-specific data are available from North Bay that informs specific uses of different
habitats (e.g., census of key prey items such as burrowing shrimp), although acoustic tag data
(discussed below) suggests that the upper mudflats at the north end of Arcata Channel may represent
preferred feeding habitat. It has been noted anecdotally that use of Sand Island may reflect key
foraging habitat as well; however, without a diet analysis or more directed observations, it is unknown
why sturgeon frequent this location. It is relevant that shellfish culture has existed on Sand Island and
near the north end of Arcata Channel since the late 1950s, including activities that affect foraging
habitat such as shell deposition and suction dredge harvesting, and no impacts to sturgeon have been
observed as a result of the oyster operations.
The acoustic tag detections shown in Figure 6.5.20 suggest that green sturgeon are moving in channels,
as would be expected for larger fish. However, 97% of observations occurred at two detection
locations: Arcata Channel and North Bay Main Channel near the Samoa Bridge. Tracking studies in
San Francisco Bay suggest that sturgeon detections are associated with either movement or feeding
activity and that directional movement of sturgeon is rapid (Kelly et al. 2007). Taken together, these
observations suggest that the large number of detections (148,997) near the extreme north end of
Arcata Channel represent an area where feeding is occurring. These detections are adjacent to the
proposed expansion area in Arcata Channel, including an area occupied by existing culture (cultchon-longline single-hung with 2.5-ft spacing). However, the detections are also adjacent to extensive
mudflat habitats unrelated to shellfish aquaculture operations, which are believed to represent
preferred intertidal feeding habitat. Acoustic receivers on the other side of Arcata Channel, and in
channels adjacent to all other proposed expansion areas have low numbers of detections, suggesting
that these areas were used primarily for migration activities. Human interaction with sturgeon on the
oyster plots would be restricted to periods of time when the area is inundated and activity is occurring.

10

The bycatch of green sturgeon in 2010 from the California halibut trawl fishery included 182 individual fish. Green
sturgeon were also bycatch in the West Coast limited entry bottom trawl fishery (8 individual fish).
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Figure 6.5.20 Green Sturgeon Tracking Data from 2007 and 2008.

Source: modified from CDFW data provided to g. Dale, pers. comm., 2015.
Note 1: 1 km detection limits for the acoustic receivers and a detection in Freshwater Creek were presented in maps by CDFW, but Pinnix (pers. comm.,
2015) indicated that these elements were not necessarily an accurate depiction of where sturgeon are found. Please see discussion in the text.
Note 2: Lease boundaries are approximate based on a review of the legal description and do not represent surveyed locations.
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Moser et al. (in press), studied green sturgeon benthic feeding habits in Willapa Bay, Washington, by
comparing feeding pit densities in areas with eelgrass (both native and non-native species), shellfish
aquaculture (clam and oyster ground culture), and mudflat habitat without structure. The study
indicated that green sturgeon have significant preference for bare intertidal mudflats compared to
areas with bottom culture and areas where Z. japonica is abundant. However, it is important to
distinguish the shellfish culture methods from this study with the culture methods that will be used
for the proposed Project. The proposed culture uses suspended longline methods at alternating
9-ft and 16-ft (basket) and 10-ft (cultch) spacing, compared to ground culture activities studied in the
Moser et al. (in press) research. Ground culture methods in Willapa Bay include ground hardened with
shellfish and/or gravel (which the authors note may make it difficult for sturgeon to feed), handpicking or drag dredging oysters for harvest, and removal of burrowing shrimp using pesticides
(NMFS 2009). None of these methods will be used as part of this proposed shellfish culture project.
One of the more relevant comparisons from work in Willapa Bay is the difference between density of
feeding pits with and without structured habitat (Patten and Norelius 2016). Results suggest that
sturgeon feeding frequency, as measured by observed feeding pits, is lower when eelgrass is present
(>25% areal coverage), while feeding pit frequency was higher in areas with oyster longlines
(Figure 6.5.21). While this comparison is relevant to the existing culture, longlines spaced 9-ft & 16-ft
apart, and 10-ft apart for the proposed Project are not expected to have the same level of effect to
green sturgeon. This spacing provides access to feeding grounds and sufficient turning space for
sturgeon while they are present in Humboldt Bay during the summer months. Overall, structured
habitat (e.g., dense eelgrass, shellfish ground culture, oyster longlines) is not a preferred foraging area
for green sturgeon, but these areas can be used by green sturgeon when they are in Humboldt Bay.
However, habitat away from main channels is likely less used, and the Project either uses a 10-ft buffer
from subtidal channels (Conservation Measure BIO-9) or is located away from channel habitat.
The association of green sturgeon within channels was also observed by Pinnix (pers. comm., 2015),
who observed that green sturgeon would occasionally migrate from the major channels of North Bay
onto the adjacent tideflats, but that these sightings were rare in comparison to the observations from
the deep channels. In addition, no green sturgeon were collected during intertidal sampling (Pinnix et
al. 2005, Pinnix, pers. comm., 2016). These observations do, however, indicate that at least
occasionally, these fish could encounter oyster aquaculture gear deployed for the proposed Project.
The overlap between the project and potential sturgeon foraging habitat can be calculated by
evaluating overlap with their preferred, unstructured mudflat habitat as well as their less preferred, but
potentially used eelgrass habitat. The Project overlaps with approximately 0.7% of North Bay
unstructured habitat, although, as described in IMPACT BIO-2, shellfish gear will only occupy a small
fraction of the total overlap area. In total, there would be approximately 0.2 to 1.3% of gear added to
the water column within the culture plots, based on volume between MHW and MLLW (see IMPACT
BIO-2). Green sturgeon may encounter gear in the water column or may perceive gear as structure,
potentially reducing the use of occupied habitat or causing fish to physically encounter gear while
foraging. If green sturgeon use of eelgrass is more frequent than described above, then the potential
overlap of eelgrass habitat in North Bay is approximately 16% for both Phase I and Phase II (see
Table 6.5.10). Again, within this area, a smaller fraction would actually contain gear. This does not
represent habitat from which sturgeon are excluded, and may not prefer, especially if burrowing
shrimp densities are low.
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Figure 6.5.21 Sturgeon Foraging Pit Densities in Willapa Bay, Washington, Across Different Eelgrass Densities, Burrowing
Shrimp Densities, and Shellfish Aquaculture Methods.
Source: Patten and Norelius 2016
Notes:
1. Eelgrass = mixed plots (Zostera marina and Z. japonica)
2. Shrimp = Burrowing shrimp
3. Clam bed = Manila clam bed using ground-hardening techniques (e.g., graveling)
4. Oyster bed ground culture = Pacific oyster ground culture
5. Oyster bed ground culture & longlines = both ground culture (or legacy shell deposits) and longline culture methods
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Sturgeon typically feed in the bottom sediments for benthic invertebrates, and feed at an angle to the
sediment surface. While a portion of their foraging habitat would include additional structured habitat,
sturgeon would be able to access these areas in the 9-ft to 10-ft spaces between the longlines and 16ft spaces between groups of two basket lines. Rack-and-bag culture, while spaced closer together for
groups of three racks (3 ft apart), also has a 5-ft space between 3-rack groups. Sturgeon are particularly
well-suited to structure as their bony scutes provide protection from bumping and scraping against
objects with which they may come in contact. Most importantly, the presence of shellfish aquaculture
does not represent a confined environment that fish are forced into.
No stranded or entangled sturgeon have been detected in any areas where long-line culture occurs
(Dale, pers. comm., 2016). Even tighter longline spacing (3-ft longlines) allows access to sturgeon, and
sturgeon feeding pits have been observed within culture areas at this spacing density in Willapa Bay
(Patten, pers. comm., 2016). If sturgeon were significantly impacted by the presence of the existing
culture, there would be evidence that longlines are being dragged or damaged during sturgeon
residence in the bay (April-October). Finally, 100 acres of the existing culture, at a 2.5-ft and 5-ft
spacing, would be converted to 10-ft spacing, allowing for wider access routes for sturgeon if they
occur within the longline plots. While this is a mitigation measure related to eelgrass, it can also
potentially benefit sturgeon within 1/3 of the existing culture area of North Bay.
The Project may also provide some benefit to green sturgeon through provision of structure that can
be used as refugia from predation. Huff et al. (2011) discovered that green sturgeon off the Oregon
coast spend a longer duration in areas with high seafloor complexity, especially around boulders.
Abundance of pinnipeds and demersal sharks increase predation pressures on green sturgeon, which
could be influencing feeding behavior and habitat use, driving green sturgeon to prefer more complex
habitats. As indicated above, green sturgeon have been documented in (or at least adjacent to) areas
of existing shellfish culture. Thus, while it is unlikely that culture structure would confine sturgeon, it
may provide the benefit of refugia from larger predators such as harbor seals and sea lions in
Humboldt Bay.
In terms of the frequency of potential impacts to sturgeon, Moser and Lindley (2007) and Lindley et
al. (2011) found that green sturgeon commonly visit bays and estuaries during summer and early
autumn in the northwestern United States. The Moser el al. (in press) study also reaffirmed that
sturgeon feed seasonally in the estuary, with the highest feeding pit densities generally observed in July
and August. Because sturgeon are likely to inhabit Humboldt Bay for a small portion of the year, any
impacts (either negative or positive) from shellfish aquaculture and structure would be limited in
duration.
The available evidence suggests that sturgeon will encounter, and may feed, in areas containing
shellfish gear proposed as part of the Project. There is no clear evidence that such encounters or
feeding will negatively impact sturgeon. Overall, impacts to green and white sturgeon from the
expansion of oyster aquaculture in North Bay are considered less than significant under CEQA.
IMPACT BIO-19: Potential impacts to salmonids from the expansion of oyster
aquaculture in Humboldt Bay.
The four species of salmonids that use Humboldt Bay (i.e., coho salmon, Chinook salmon, steelhead
trout, and coastal cutthroat trout), use the bay seasonally during adult and juvenile migrations. Both
life stages would use the estuary for feeding during their migrations, and potentially for refugia for
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smaller life history stages (e.g., juvenile Chinook salmon). Interactions with hatchery stocks, habitat
degradation (usually for upland agriculture), fisheries harvest, legacy effects from logging, road
construction, rural development, and cattle grazing are the most common threats to salmonids
(CDFW 2016b). These threats are not associated with shellfish aquaculture.
Site-specific studies in Humboldt Bay indicate that there may be limited use of eelgrass beds and
intertidal mudflats in Humboldt Bay by juvenile salmonids. A long-term (1994-1995 and 2003-2006)
otter trawl survey conducted in Entrance Bay sampled a small eelgrass bed adjacent to the main
channel near the mouth and only collected one juvenile steelhead and no other salmonids (Garwood
et al. 2013). Pinnix et al. (2005) sampled the tideflats in North Bay, including eelgrass beds and oyster
longlines, for three years (2003 to 2005) using six different gear types and no salmonids were collected.
In particular, these authors considered the fyke net system to be very effective at capturing the entire
composition of fish that were present in the sampling area, but even the fyke nets did not sample
juvenile salmonids (Pinnix, pers. comm., 2015). That said, it is an accepted paradigm that these habitats
are important for salmonids, especially early migrant juveniles in the upper portions of estuaries (e.g.,
Simenstad and Eggars 1981, Simenstad et al. 1982, Miller and Sadro 2003, Wallace 2006, Wallace and
Allen 2007, Wallace and Allen 2015).
Studies using tagged coho salmon smolts (greater than 120 mm) were conducted between April and
July 2007 and again in 2008 (Pinnix et al. 2013). This study reported that smolts (at least the size tagged
in the study – fork length of 123±5.8 mm and 125±5.2 mm) used the deeper channel areas and the
margins of these channels exclusively during their migration through the bay (Figure 6.5.22). Pinnix
et al. (2013) reported that the average residence time in North Bay was 15 to 22 days before leaving
for the open ocean, which indicates that the tagged fish were primarily migrating out and not rearing
in the estuarine habitat. However, the study also tagged only the largest fraction of the population,
and it’s possible that smaller fish may spend more time in the bay and use eelgrass to a greater extent
(Pinnix, pers. comm., 2015).
Smaller life history stages of salmonids have been observed in the stream-estuary ecotone 11 that are
used by juvenile salmonids as productive rearing habitat and over-wintering habitat, especially for
juvenile coho salmon (Wallace 2006, Wallace and Allen 2007, Pinnix et al. 2013, Wallace and Allen
2015). It is important to distinguish these locations from the proposed Project. The sampling locations
that CDFW has used to define the stream-estuary ecotone is where various sloughs of Humboldt Bay
(brackish water) mix with freshwater stream habitat (Figure 6.5.23). Even the “lower estuary” in
studies related to salmonid migration are defined as the portion of the stream that is more tidally
influenced but not necessarily the estuary itself (Miller and Sadro 2003). The lower stream estuary is
characterized by salt marsh habitat and other off-channel habitat that is relevant to the margins of
North Bay and not part of the expansion area. For example, the lower stream estuary associated with
Freshwater Creek defined by Pinnix et al. (2013) was separated by a distance of approximately 0.3
miles from the proposed expansion area in North Bay. Further, fish migrating out of Freshwater Creek
are typically oriented toward Entrance Bay rather than North Bay. This would not be the case for fish
originating from Jacoby Creek, although there are not many salmonid runs into Jacoby Creek due to
habitat conditions. Habitat restoration activities were anticipated in 2015 to restore off-channel rearing
habitat (Love 2014 as cited in Wallace and Allen 2015).
11

Stream-estuary ecotone, as defined by Merrell and Koski (1978 as cited in Miller and Sadro 2003), is the “area extending
from the upper limit of tidal influence downstream to the area where the channel becomes bordered by tidal mudflats.”
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Figure 6.5.22 Coho Salmon Tracking Data from 2007 and 2008.

Source: modified from CDFW data provided to Dale, pers. comm., 2015.
Note: Lease boundaries are approximate based on a review of the legal description and do not represent surveyed locations.
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Figure 6.5.23 Sampling Locations in the Stream-Estuary Ecotone of Freshwater, Wood, Ryan,
Salmon, and Jacoby Creeks Surveyed by CDFW in 2011 and 2012, Humboldt
Bay, California.
Source: Wallace and Allen 2015
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Magnusson and Hilborn (2003) assessed the survival of coho and fall Chinook salmon released from
West Coast hatcheries with respect to three characteristics: (1) size of the estuary, (2) percentage of
the estuary that is in natural condition, and (3) presence of oyster culture in the estuary. While
Humboldt Bay was not one of the estuaries assessed, the results suggested that the presence of oyster
culture was not having an adverse impact on salmon survival in estuaries where there were substantial
runs. Willapa Bay, which has a 150+ year history of extensive oyster culture in dense eelgrass beds,
had the highest coho salmon survival. Grays Harbor, also an important oyster farming estuary, had
the third highest coho survival of the twenty estuaries included in the study. Despite the large number
of oyster cultivation operations in Willapa Bay and Grays Harbor (over 25% of the oysters consumed
in the U.S. are grown in these estuaries), these Washington estuaries have some of the best hatcheryreleased coho salmon survival among the areas examined. A recent article by David et al. (2016)
indicated that the results of the Magnusson and Hilborn (2003) study may have been related to intact
wetlands in the upper estuary (e.g., salt marsh habitat) that reduced density-dependent effects to
salmonid foraging behavior.
David et al. (2016) assessed the influence of wetland loss and effects to juvenile Chinook salmon diet
composition from nine estuaries in Washington and Oregon. There was no evidence of a direct effect
of wetland loss on salmon foraging, but there was evidence of a secondary mechanism affecting
salmonid foraging. The area studied was more equivalent to the lower stream estuary defined by Pinnix
et al. (2013) and others rather than specific to the environment associated with the proposed Project.
In general, the reported findings are similar to that discussed in Section 6.5.1.6 above in relation to
salmonid diets. An important finding of the study was that terrestrial-based insects were consumed
more extensively in estuaries with the smallest wetland losses. This is important for Humboldt Bay
because approximately 90% of historical salt marsh habitat has been lost to diking and other
modifications for terrestrial agriculture (Schlosser and Eicher 2012). This has likely resulted in blocking
access to high quality foraging habitat for salmonids during a key period of development within the
stream-estuary ecotones described above.
Multiple studies have looked at prey resources associated with shellfish aquaculture gear in relation to
salmonid prey items. Simenstad et al. (1991) reported that densities of a harpacticoid copepod (Tisbe
sp.), an important prey item for some juvenile salmonids (e.g., chum salmon), were enhanced in areas
of oyster culture compared to bare mudflat. Densities of gammarid amphipods and cumaceans
(principally Cumella vulgaris), which are important prey items for juvenile Chinook and coho salmon,
were enhanced at one site but depressed at another site. Brooks (1995) found that Corophium
acherusicum, another critical prey resource for salmonids, was enhanced in actively cultured oyster beds.
Brooks (1995) also reported greater densities of gammarid amphipods and small tellinid clams.
Therefore, oyster aquaculture areas can provide abundant suitable prey resources for salmonids if the
fish are found in culture areas.
As discussed above in IMPACT BIO-12, oyster habitat and eelgrass provide similar quantities and
types of prey resources, including key salmonid prey items. Consumption of large and energy-rich
invertebrates, such as gammarid amphipods, harpacticoid copepods, and cumaceans, may promote
rapid growth in estuarine environments before salmon transition to piscivory (fish-eating). The
abundance of these types of prey items can be just as energetically important as herring eggs for
salmonids because of the high lipid content. Effects to herring eggs are discussed below (IMPACT
BIO-21), but in general, invertebrate species present in eelgrass and oyster culture habitats appear to
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be similar (Rumrill and Poulton 2004, Ferraro and Cole 2007, 2011, 2012). Therefore, impacts to the
quality of prey resources are unlikely to be affected by the proposed Project.
Dumbauld et al. (2015) conducted a study to identify whether intertidal oyster aquaculture in Willapa
Bay, Washington, effects the distribution and feeding ecology of juvenile salmonids. The study
identified no significant differences in the density of juvenile salmonids caught in the four habitat
types analyzed (undisturbed open mudflat, seagrass, channel habitats, and oyster aquaculture), and few
significant associations with the prey items that the fish consumed. In other words, the majority of
salmon found over low intertidal habitats were not dependent on structured habitat (e.g., eelgrass or
oyster aquaculture) for prey items. Chum salmon was the possible exception, although chum are
typically smaller fish during estuarine residency. While chum salmon do not occur in Humboldt Bay,
early migrant Chinook may use estuaries to a similar extent as chum, depending on their size. The final
conclusion by Dumbauld et al. (2015) was that: “Permanent or ‘press’ disturbances like diking marshes,
dredging and filling shallower estuarine habitats and even hardening shorelines would be expected to
have significant impacts for other stocks and life history variants with smaller juveniles that utilize
upper intertidal areas (Fresh 2006, Bottom et al. 2009), but our research suggests that short term ‘pulse’
disturbances like aquaculture which alter the benthic substrate in lower intertidal areas used primarily
by larger juvenile salmon out-migrants may pose a less significant threat to maintaining resilience of
these fish populations.”
Together, the information above suggests that salmonids are not substantially using the locations
where oyster longline culture is being proposed. Even if fish are present in oyster longline areas,
individual lines are visited infrequently and disturbance would not be expected. More importantly, the
ecological functions provided by oyster longlines (e.g., prey resources) show similarities to those of
eelgrass, and studies show that juvenile salmonids do not substantially avoid, and are not affected by,
the presence of shellfish aquaculture gear. Overall, impacts to salmonids from the expansion of oyster
aquaculture in North Bay are considered less than significant under CEQA.
IMPACT BIO-20: Potential impacts to longfin smelt from the expansion of oyster
aquaculture in Humboldt Bay.
Longfin smelt are an important dietary resource for higher trophic-level fish and marine mammals. In
California, longfin smelt have experienced a steep population decline from an estimated peak of “tens
of millions” of adults in 1982 to “tens of thousands” by 2007 (CDFG 2009). Identified threats to
longfin smelt include reduction in outflows, entrainment in water diversions, climactic variation, toxic
substances, predation and competition with introduced species (Moyle et al. 1995).
Four species of Osmeridae (or the smelt family) were collected by Pinnix et al. (2005) in Humboldt
Bay in both eelgrass habitat and oyster growing areas, including longfin smelt. In addition, larval smelt
was one of the dominant species in otter trawl sampling conducted in January 2003 to 2006 in a small
eelgrass bed near the entrance to Humboldt Bay (Garwood et al. 2013). Based on the available data,
there is no evidence that oyster longlines or rack-and-bag structures would affect access or migration
of longfin smelt in North Bay.
Human disturbance can reduce fitness when fish engage in predator avoidance behavior in response
to the perceived threat of humans or human activity (e.g., Frid and Dill 2002). Avoidance reactions by
schooling fish include diving, horizontal movements, and altered tilt angles in response to approaching
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motorized vessels (e.g., De Robertis and Handegard 2012). Aquaculture activity will increase human
disturbance in the vicinity of the aquaculture beds where eulachon (if present), longfin smelt, and
Pacific herring are likely found. Disturbance of fish would be limited to the arrival and departure of
crews, which would occur approximately 2 days per acre every 18 to 36 months for cultch-on-longline
and 12 days per acre every 4 months for basket-on-longline and rack-and-bag. These disturbances are
unlikely to substantially increase the predator avoidance behaviors of these fish because visits will be
limited in duration and area. When oyster plots are accessed during a low tide event, fish would not
be present in the area. Project longlines would be exposed for up to 18% of the year (Table 6.5.12
above), but, as described above in IMPACT BIO-16, Coast presence during low tides within any
particular one-acre area is a smaller portion of the year (0.2% for one acre of cultch-on-longline).
Similarly, when the area is accessed during high tides when plots are covered by water, fish would be
able to easily avoid locations where Coast employees are present. These visits are also limited in
duration and, therefore, effects are expected to be similar to other boating activity in Humboldt Bay.
Longfin smelt spawn primarily in freshwater habitat, so use of the expansion area would be by juvenile
and adult smelt. Use of open-water habitat is affected by salinity, turbidity, temperature, and levels of
contaminants (CDFG 2009). According to data provided by CDFW (Dale, pers. comm., 2015), longfin
smelt were captured primarily from Freshwater Creek, Eureka Slough, East Bay Channel, and North
Bay Main Channel (see Figure 6.5.11 for channel names). These areas avoid the majority of proposed
culture operations. In the event that longfin smelt are found in habitats associated with aquaculture
(8.4% potential overlap within North Bay overall; see Table 6.5.10), the primarily potential change is
localized reduction in eelgrass density, which will be balanced by in kind mitigation such that there is
no net loss to eelgrass resources (Mitigation Measure BIO-1).
Longfin smelt forage on small organisms in the water column (e.g., phytoplankton, barnacle larvae,
euphausids) and other small crustaceans (DFO 2014). The types of prey resources identified for forage
fish are associated with both oyster aquaculture and eelgrass habitat (e.g., Castel et al. 1989, Simenstad
and Fresh 1995, Hosack 2003, Hosack et al 2006, Ferraro and Cole 2011, 2012). Based on the most
recent carrying capacity analysis (see Appendix E and IMPACT BIO-9 above), filtration pressure of
cultured shellfish would be equivalent to approximately 5% to 9% of the carbon fixed by
phytoplankton in North Bay. Additionally, modeling results indicate that the phytoplankton turnover
rate is too fast to be significantly affected by current and proposed shellfish culture. Changes to prey
resources due to Project actions are unlikely to significantly change prey availability for longfin smelt.
Overall, impacts to longfin smelt from the expansion of oyster aquaculture in North Bay are
considered less than significant under CEQA.
IMPACT BIO-21: Potential impacts to Pacific herring from the expansion of oyster
aquaculture in Humboldt Bay.
Pacific herring typically spawn adhesive eggs onto eelgrass, marine algae, and hard substrates at depths
of less than 30 ft MLLW (CDFG 2008, Stick 2005). Predation, temperature and salinity variability,
and turbidity are the most common threats to juvenile Pacific herring (CDFG 2008). A commercial
fishery for herring occurred in Humboldt Bay until 2005. Between 1975 and 2007, the Pacific herring
spawner biomass was an average of 489±293 tons and then showed a significant decline after 2002 to
an average of 173±167 tons (Mello 2007). While survey methods significantly improved by the
2004/2005 spawning season, the data indicate a significant decline in the spawner biomass for
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Humboldt Bay. After poor returns in 2005, the fishery was effectively closed due to insufficient
biomass. Monitoring of the Pacific herring population in Humboldt Bay was suspended after the 2007
spawning event. More recent surveys have indicated that spawner biomass is increasing again with
renewed monitoring of the population starting in 2015 (Ray, pers. comm., 2016).
Pacific herring adults are found offshore during the spring and summer months, and migrate inshore
to Humboldt Bay as early as October. When entering the bay adults use subtidal channels adjacent to
spawning locations. The extent to which particular channels are used by Pacific herring is dependent
on tidal stage, size of the tidal exchange, time (day or night), gonadal maturity level, herring abundance,
predator activity, and freshwater influx (Ray, pers. comm., 2015). As they ripen or reach gonadal
maturity, the herring begin to spend more time in closer proximity to spawning grounds and there is
considerable movement of fish up into the channels of North Bay on flood tides and then out again
on ebb tides.
Based on data from CDFW about past and current spawning locations (Figure 6.5.24), the East Bay
Channel and Arcata Channel are likely locations for pre-spawning holding activities (Mello et al. 2007,
Ray, pers. comm., 2015). These channels are used to transit to oyster plots, but other than temporary
passage of work vessels, there would be no human activities in the pre-spawning holding areas.
Potential disturbance in channels is anticipated to be minor, given that the Project would result in an
increase of approximately 18 boat trips per week throughout the bay, of which a smaller portion would
be in the East Bay and Arcata channels.
Based on four years of spawner survey data that provide information on presence/absence of herring
egg deposition (Figure 6.5.24), there would be overlap with potential Pacific herring spawning
activities and the proposed expansion. The map shown below highlights a region (in purple outline)
of North Bay that CDFW identified as a key resource for Pacific herring spawning activities (i.e., the
East Bay Management Area [EBMA]). As proposed, the EBMA overlaps with approximately 310
acres of the proposed expansion area out of a total of 1,274 acres (or 24%). However, not all of this
area has had documented herring egg deposition during the last four survey years. Mello and Stroud
(2005) indicated that a typical spawning event results in eggs being deposited in low density over
300 acres of eelgrass, which equates to less than 10% of the available spawning substrate.
Overlapping with spawning locations is not equivalent to a loss of herring eggs in that location.
Researchers assume that the loss of adhesive eggs is due to predation and therefore mortality is the
sum of egg loss and eggs that fail to hatch. There is evidence that herring spawn on many different
substrates, including shellfish aquaculture gear (Hourston et al. 1984, Palsson 1984, Shelton et al. 2014,
Hessing-Lewis, pers. comm., 2016). The scientific literature is inconclusive on the survival rates of
herring eggs on various substrates and indicates that location, tidal elevation, and substrate type all
play a role. For example, Shelton et al. (2014) reported that egg loss rates were not significantly
different on the three substrates studied, including native eelgrass (Z. marina), non-native eelgrass (Z.
japonica), and non-native macroalgae (Sargassum muticum). Other herring egg loss studies (discussed
below) have similar, but slightly more complex results.
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Figure 6.5.24 Pacific Herring Spawning Locations in North Bay, Humboldt Bay, California.

Source: modified from CDFW data provided to Dale, pers. comm., 2015.
Note: Lease boundaries are approximate based on a review of the legal description and do not represent surveyed locations.
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Compared to the Shelton et al. (2014) study, Hessing-Lewis (pers. comm., 2016) indicated that there
was a difference between both egg deposition and egg loss on native eelgrass compared to kelp
(Macrocystis sp.). Kelp was over-selected compared to its abundance, while eelgrass was under-selected.
The difference in egg deposition was likely due to the amount of surface area in the water column that
each plant presented, with plants that have larger surface areas getting more egg deposition. In terms
of egg loss, eggs appeared to stick to the surface of eelgrass better and there was less egg loss due to
the leaf rugosity. Finally, Francis (pers. comm., 2016) reported that egg survival/retention does vary
from site to site, and it is possible this is due to a complex set of interactions such that urban areas
may have lower survival than less urban areas. Overall, there are a variety of complex interactions that
determine egg loss/survival, which is why the evolutionary strategy for herring is to deposit as many
eggs as possible in order to provide progeny into the future. Due to the potential for spawn to be
inadvertently removed from the bay with harvested oysters, some increase in herring egg mortality is
likely, however Mitigation Measure BIO-2 (coordination with CDFW) should limit activity in areas
where spawning has occurred.
While oyster longline gear and cultch can be used as a spawning substrate, it would be elevated up to
20 inches above the bay bottom, and herring eggs on gear would have greater periods of exposure
during low tides. Based on an exposure elevation analysis of aquaculture gear (see Table 6.5.12), spawn
on gear potentially represents an increase of exposure to air ranging from 10% to 18%, depending on
the culture method and tidal elevation. Jones (1972) estimated that herring eggs deposited at higher
elevations have up to 3% higher mortality based solely on desiccation potential. This amount of
mortality is likely dwarfed by egg loss as a result of eggs not adhering to substrates (discussed above)
and predation pressure (discussed below).
Increased mortality due to desiccation may be offset by reduced predation pressure from invertebrates
and fish during high tides (Palsson 1984, Bailey and Houde 1989, Rooper and Haldorson 2000).
Predation by birds such as gulls, shorebirds, and surf scoter can also be a significant source of egg loss
(Palsson 1984, Bishop and Green 2001, Lewis et al. 2007). For example, Bishop and Green (2001)
estimated that birds in Prince William Sound, Alaska, were responsible for 31% of egg loss. Herring
eggs are a resource rich feeding opportunity for a variety of predators and, depending on the
environmental context, the type of predators that can access eggs varies. Experimental evidence along
British Columbia’s Central Coast suggests that the majority of eggs are being consumed on the sea
floor compared to the water column (Keeling 2013). Rooper and Haldorson (2000) noted that
desiccation potential and predation pressure are the main trade-offs for Pacific herring spawning
locations related to elevation.
In terms of the potential survival of herring eggs on shellfish aquaculture gear and shellfish products
(e.g., PVC, cultch, baskets), both Palsson (1984) and Hourston et al. (1984) reported on the effects of
egg survival on artificial substrate. Hourston et al. (1984) found no difference in egg viability between
eggs spawned on plastic versus 11 natural substrates, including eelgrass. Palsson (1984) evaluated a
total of 6 artificial substrates (e.g., plastic sheets, hemp rope, tubing, netting, turf mat, and
polypropylene rope) that were placed in natural spawning substrates. The author found that egg
survival rates were lower on artificial substrates than on adjacent natural substrata. However, Palsson
(1984) also speculated that reduced survival may have been due to characteristics of his sampling array
rather than characteristics of the artificial substrate.
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Keeling (2013) calculated a natural egg loss rate that was equivalent to 59% to 75% over 6.8 days along
British Columbia’s Central Coast. To understand what the drivers of herring egg loss, the author scaled
the importance of various parameters responsible for egg loss by averaging multiple linear mixedeffects models (Figure 6.5.25). The results indicated that total spawn area (i.e., sites with larger total
egg deposition) have higher egg loss rates. This may be a result of predator attraction to these areas
or less adhesion to the surface when egg deposition density is high. Subtidal predation and habitat
type were also important factors in egg loss. Based on field experimentation, eggs in the water column
had a greater chance of survival than those in the benthic environment. According to Hessing-Lewis
et al. (2012 as cited in Keeling 2013), herring eggs deposited on kelp decreased predation and improved
water flow and reduced sedimentation, which all contribute to herring egg survival. Overall, the
Keeling (2013) study concluded that increasing the available spawning habitat (i.e., surface area for
egg deposition) may allow eggs to be deposited at lower densities and increase egg viability through
enhanced water movement and respiratory exchange. In this way, the presence of shellfish aquaculture
can be a potential benefit by providing more surface area to eggs that remains in the water column
and away from benthic predators.

Figure 6.5.25 Scaled Parameter Estimates with 95% Confidence Intervals from Averaging
Multiple Linear Mixed-Effects Models.

Note: Biological and physical parameters thought to drive egg loss (on left) are ranked by their relative
importance (on right).

In terms of the amount of surface area available for spawning substrate, it can be fairly limited based
on the proposed culture spacing. As noted above, the net change in gear added to the water column
is small (0.2%-1.3%), which includes the off-sets provided by converting 2.5-ft single-hung longlines
to 10-ft double-hung longlines that result in a reduction of 0.05% to 0.8% of gear in the water column.
While there may be some benefits for spawn deposition on gear within the water column, there is no
evidence to indicate that Pacific herring are spawning on gear, or what the survival rate is if they do
occur on gear. Mitigation Measure BIO-2 includes a requirement to survey gear for herring spawn and
to assist CDFW in performing herring spawn surveys.
There is also evidence that the presence of gear or aquaculture activities is not correlated to Pacific
herring spawning biomass. Eelgrass has been stable or expanding since the 1960’s (Schlosser and
Eicher 2012). Despite the high abundance of eelgrass in the bay, herring populations suffered a
Coast Seafoods Company
Recirculated Draft EIR

6.5-88

Humboldt Bay Harbor District
July 2016

precipitous decline from 950 tons to 7 tons in a five-year period (2002 to 2007) before monitoring
was suspended in 2007 (Figure 6.5.26). New trend data suggests that Pacific herring are again
increasing in numbers (Ray, pers. comm., 2016), while there is evidence that eelgrass is receding from
at least higher elevations (see discussion in Section 6.5.1.3). More importantly, significant population
reductions of Pacific herring occurred during a period when Coast reduced its aquaculture footprint
in the bay, including areas within the EBMA where herring egg deposition was historically dominant
(Rabin and Barnhart 1986, Mello 2007), and where the majority of deposition was identified during
the 2015 spawn survey (see Figure 6.5.25). The 2016 spawning season was unique in that it showed a
shift in distribution to favor the west side of North Bay close to Freshwater Creek. This pattern has
only been observed one other time in 13 years of survey observations. Herring spawn surveys are not
conducted within existing culture areas. However, several areas that were active in 2004, but no longer
have gear were sampled during the 2015 and 2016 season. There were successful detections of herring
egg deposition in historical culture areas and areas directly adjacent to actively farmed oyster plots.
While this does not provide information on spawning potential in culture areas, it does indicate that
culture operations are not impeding spawning behavior.
Pacific herring are an important prey resource in Humboldt Bay. Mitigation Measure BIO-1 is
predicted to result in 0.9 to 7.4 acres of additional eelgrass, which would provide more spawning
substrate (i.e., eelgrass) within the existing culture area. It is notable that the majority of locations
where a conversion from 2.5-ft spacing to 10-ft spacing occurs are in the EBMA. Additional eelgrass
spawning substrate expected to result from mitigation will offset the potential egg loss associated with
aquaculture structure. While egg deposition on gear is not a conclusive loss of eggs from the system,
impacts to herring eggs could be significant if gear or shellfish product is removed or disturbed during
the spawning period in Humboldt Bay (December through March). Mitigation Measure BIO-2, will
be included to avoid potential impacts from proposed Project activities when herring spawn is present.
Based on the above analysis, impacts to Pacific herring from the expansion of oyster culture in North
Bay are considered potentially significant under CEQA without mitigation.
IMPACT BIO-22: Potential impacts to groundfish from the expansion of oyster
aquaculture in Humboldt Bay.
Groundfish include over 80 species from several different families of fishes which, with a few
exceptions, live on or near the bottom of marine environments. Pacific Coast groundfish include
species such as rockfish, flatfish, Pacific whiting (hake), sablefish, and lingcod (NMFS 2016a). Pinnix
et al (2005) studied the fish communities in eelgrass, oyster culture, and mudflat habitats of North Bay
from 2003 to 2005. English sole was the most abundant groundfish species caught during the study.
Similarly, Garwood et al. (2013) surveyed the benthic community in Entrance Bay adjacent to and in
eelgrass habitat from 1994 to 1995 and 2003 to 2006. The authors reported that black rockfish (Sebastes
melanops) accounted for 22.5% of the total species collected. Both studies also collected bat rays
(Myliobatis californica), which is a year-round resident of Humboldt Bay (Fritzsche and Cavanagh 2007).
A larger number of bat rays were sampled from North Bay compared to Entrance Bay. A complete
list of groundfish species collected during these surveys is provided in Table 6.5.13.
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Herring Biomass (Mello 2007)

Eelgrass Areal Extent - North Bay (Schlosser and Eicher 2012)
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Figure 6.5.26 Herring Spawning Biomass and Eelgrass Areal Extent in North Bay (Humboldt Bay).

Sources: Schlosser and Eicher 2012, Mello 2007
Note: While this represents the best available information, there are limitations to mapping methods that make direct comparisons complicated. In general,
eelgrass appears to be stable in Humboldt Bay but overall areal extent may be inaccurate between years.
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Table 6.5.13 Groundfish Species Collected in Entrance Bay and North Bay.
Common Name

Scientific Name

Guild

Location and Abundance
Entrance Bay
North Bay
1994-1995
2003-2006
2003-2005

Carcharhinidae (requiem sharks)
Brown
Mustelus henlei
Resident
NR
NR
4
smoothhound
Leopard shark
Triakis semifasciata
Resident
NR
NR
4
Myliobatididae (eagle and manta rays)
Bat ray
Myliobatis californica
Resident
0
2
37
Scorpaenidae (scorpionfishes or rockfishes)
Copper rockfish
Sebastes caurinus
Resident
228
785
24
Black rockfish
S. melanops
Resident
5,532
3,036
147
Grass rockfish
S. rastrelliger
Resident
45
2
2
Bocaccio rockfish S. paucispinis
Occasional Visitor
0
8
1
Brown rockfish
S. auriculatus
Feeding
NR
NR
11
Hexagrammidae (greenlings)
Hexagrammos
Kelp greenling
Spawning
402
365
2
decagrammus
Rock greenling
H. lagocephalus
Occasional Visitor
0
4
NR
Lingcod
Ophiodon elongates
Feeding, Nursery
20
14
14
Cottidae (sculpin)
Brown Irish lord
Hemilepidotus spinosus
Transient
51
33
NR
Red Irish lord
H. hemilepidotus
Occasional Visitor
4
33
NR
Buffalo sculpin
Enophrys bison
Resident
27
6
2
Scorpaenichthys
Cabezon
Resident
530
351
12
marmoratus
Staghorn sculpin
Leptocottus armatus
Resident
55
24
243
Padded sculpin
Artedius fenestralis
Occasional Visitor
0
4
NR
Silverspotted
Blepsias cirrhosis
Occasional Visitor
6
0
NR
sculpin
Paralichthyidae (large-tooth flounders)**
Speckled sanddab Citharichthys stigmaeus
Resident
1,830
410
2,568
California halibut
Paralichthys californicus
Occasional Visitor
NR
NR
2
Pleuronectidae (righteye flounders)
C-O turbot
Pleuronichthys coenosus
Occasional Visitor
4
0
NR
Curlfin turbot
P. decurrens
Nursery
16
2
5
Sand sole
Psettichthys melanostictus
Occasional Visitor
16
2
NR
English sole
Parohrys vetulus
Nursery
177
90
5,553
Starry flounder
Platichthys stellatus
Resident
0
20
65
Sources: Pinnix et al. 2005, Garwood et al. 2013
*Numbers are based on a reverse calculation of relative abundance (total number/total of tows) in 204 otter tows.
Original abundance data was not available.
**Listed as Bothidae, but current family is Paralichthyidae (FishBase 2015).
Bolded values = dominant species collected during the survey period. NR = not reported

There would be overlap with habitats used by groundfish and the proposed shellfish aquaculture
activities. Similar to other fish species discussed above, there is a potential to disturb groundfish during
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oyster aquaculture operations through human presence and activity. Aquaculture activities occur on a
daily basis, but infrequently in any one area. Additionally, when oyster plots are accessed during low
tide when water is not present, fish would also not be present in the area. When the area is accessed
when the plots are inundated, fish would be able to easily avoid locations where Coast employees are
active. While there would be some energetic costs associated with avoiding culture activities, it is
considered minimal and insignificant in relationship to their daily movement patterns.
Eelgrass has been identified as a habitat area of particular concern for various species within the Pacific
Coast Groundfish EFH (PFMC 2014). Groundfish use eelgrass habitat, especially in their juvenile life
stage, and aquaculture activities have the potential to affect eelgrass shoot density (see IMPACT BIO3), although with the proposed mitigation (Mitigation Measure BIO-1) this impact would be neutral.
In addition, as discussed in IMPACT BIO-2 above, alteration of unstructured habitat can also affect
flatfish species and bat rays that use unstructured habitat (i.e., mudflats and sandflats) for cover,
ambush predation, and/or foraging. There is no known specific information, of which we are aware,
regarding groundfish use of habitat based on the density of structure present (e.g., whether a certain
density of eelgrass or oyster longlines would exclude specific species). There is general information
associated with the fact that juvenile rockfish prefer structure and California halibut avoid structure,
but there are otherwise no known thresholds of eelgrass density or increased structured habitat that
will result in a change in fish behavior or habitat association. Additionally, there is conflicting
information within Humboldt Bay describing habitat associations for fish species. Schlosser and
Bloeser (2006) indicated that juvenile rockfish are associated primarily with mud habitat that contains
drift algae or pilings, while Garwood et al. (2013) emphasized the importance of eelgrass habitat.
Overall, the existing information appears to indicate that the type and use of habitat by groundfish
species varies substantially within North Bay and that providing a diversity of habitat is important for
this resource.
Data collected by Pinnix et al. (2005) in North Bay, considered the most relevant for the proposed
Project, indicated that fish abundance and diversity (including juvenile rockfish and flatfish species)
was higher in oyster culture areas and eelgrass habitat compared to open mudflats. Most groundfish
species showed a seasonal peak in the habitats sampled, with June and August having the most species
present. While California halibut may avoid structure, their presence is fairly rare in Humboldt Bay,
especially in the shallow intertidal areas associated with oyster aquaculture. Overall, there is a relatively
minor change to unstructured habitat in North Bay with less than 0.7% overlap of North Bay habitat
(see Table 6.5.10), and an even smaller proportion of unstructured habitat that actually has gear on it.
A potential reduction in eelgrass density or changes to unstructured habitat also has the potential to
alter prey resources for groundfish species, thus potentially affecting foraging opportunities.
Planktonic and epifaunal crustaceans are important prey resources for juvenile rockfish in Humboldt
Bay (Studebaker and Mulligan 2009). Structurally complex habitats (e.g., eelgrass) have been shown to
enhance the abundance of invertebrates, which are important as groundfish food sources (Bell et al.
1984, Attrill et al. 2000, Jenkins et al. 2002). In reviewing this issue, several studies have shown that
epifaunal invertebrate densities are similar between eelgrass beds and areas with oyster culture and
both of these types of habitat have greater densities of epibenthic invertebrates and fish compared to
open mudflats (Castel et al. 1989, Simenstad and Fresh 1995, Hosack 2003, Hosack et al. 2006, Ferraro
and Cole 2007, 2011, 2012, Rumrill and Poulton 2004). Summaries of studies regarding benthic
invertebrate impacts of shellfish aquaculture are presented in IMPACT BIO-12.
Coast Seafoods Company
Recirculated Draft EIR

6.5-92

Humboldt Bay Harbor District
July 2016

In addition, Simenstad and Fresh (1995) found that many potential disturbances from aquaculture
activities were within the scale of natural variation experienced by smaller epibenthic crustaceans. The
authors indicated that large-scale disturbances (e.g., mechanical dredge harvesting) that result in a
removal or major reduction of eelgrass may induce chronic shifts in the benthic community. Oyster
harvesting in Humboldt Bay no longer uses mechanical dredge harvesting, and the proposed Project
would adhere to Conservation Measure BIO-8, which indicates that no dredging, hydraulic harvesting,
or bed cleaning activities would occur. As discussed above, there would be a 1.6% to 19% reduction
in eelgrass density predicted within an individual plot, but due to proposed mitigation actions the
Project would actually provide a net increase in eelgrass habitat.
In contrast to rockfish and other groundfish species where the presence of gear may result in an
increase in foraging opportunities, there are other species where the presence of gear may negatively
affect foraging. Species such as California halibut and bat rays primarily use open mudflat habitat to
forage (Valle et al. 1999, Carrier et al. 2012), and the presence of gear may impede foraging
opportunities. The California halibut is unlikely to be significantly affected based on potential presence
in the area. A total of two California halibut were collected in a combined total of six years of sampling
effort (see Table 6.5.13), and surveys in Humboldt Bay have identified this species as an “occasional
visitor.” In addition, as discussed in IMPACT BIO-2, there is a limited amount of unstructured habitat
that would actually have gear under the proposed Project.
Comparatively, bat rays are more common in North Bay. There are many positive changes that have
been made historically to improve interactions between Coast operations and bat rays (e.g.,
transitioning to off-bottom culture, removal of bat ray fences, cessation of control activities). Carrier
et al. (2012) commented that removal of bat rays may have even been detrimental to the oyster growers
because their primary prey is red rock crab (Cancer productus), which is a major predator on oysters.
Changes to historical operations likely improved bat ray populations, although no surveys have been
done to compare populations before and after. However, foraging within the longlines and evidence
of pits (depressions made by bat rays while feeding) have been observed by Coast operators (Dale,
pers. comm., 2016). While there is likely a small amount of obstruction of feeding due to the presence
of longlines in North Bay, bat rays do not appear to be excluded from longline locations at the current
spacing (2.5 ft) and the proposed 10-ft spacing should provide plenty of space between lines to provide
foraging opportunities for these species.
Groundfish would primarily use channels for migration or shallow mudflats when inundated. There
is no evidence that oyster longlines would affect access or migration of groundfish species. As
discussed above, the addition of longline aquaculture gear is not necessarily negative for groundfish
species. California halibut may be affected by changes to unstructured habitat. However, changes to
unstructured habitat is limited, and eelgrass habitat (the majority of the proposed Project area) is not
a preferred habitat used by California halibut (Valle et al. 1999, Bloeser 2000). Other flatfish (English
sole) and juvenile rockfish can be a dominant species within oyster growing areas (Pinnix et al. 2005),
and would not be excluded from aquaculture areas with gear present.
Overall, impacts to groundfish from the expansion of oyster aquaculture in North Bay are considered
less than significant under CEQA.
IMPACT BIO-23: Potential impacts to marine mammals from the expansion of oyster
aquaculture in Humboldt Bay.
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There are three main species of marine mammals that use Humboldt Bay: California sea lions, harbor
seals, and harbor porpoises. Incidental capture in fishing gear, ship strikes, oil spill exposure, chemical
contaminants, power plant entrainments, and harassment by humans are the most common threats to
marine mammals (NMFS 2016a). Most of these threats are not associated with shellfish aquaculture,
although human disturbance and potential boat strikes may occur, discussed below.
Marine mammals produce and use sound (or vocalizations) for various biological functions, including
social interactions, foraging, orientation, and predator detection. Interference with producing or
receiving sounds could have adverse consequences on individuals or populations, including impaired
foraging efficiency from masking, altered movement of prey, increased energetic expenditures, and
temporary or permanent hearing threshold shifts due to chronic stress from noise (Southall et al.
2007). Marine mammals, like other mammals, can experience a masking effect from noise exposure.
Masking occurs when environmental noise is loud enough to cover or mask other noises. Potential
impacts from a sound source depend on: (1) sound frequency compared to the hearing frequency
range of the animal, and (2) intensity and energy from the source that are received by an animal.
Impacts range from masking to a behavioral response to physical injury.
Underwater noise produced by Coast work vessels could impact marine mammals if they are present
in the vicinity. Skiffs, like those typically used by Coast, can produce underwater noise levels ranging
from 157 to 169 dBPEAK 3 ft from the motor (Kipple and Gabriele 2003). The threshold used by NMFS
for behavior impacts to marine mammals from continuous noise sources is 120 dBRMS (root mean
squared). It is not possible to convert peak levels to RMS levels directly, but a conservative rule of
thumb can be applied in noise assessments. Peak levels are generally 10 to 20 dB higher than RMS
levels. Therefore, to convert from peak to RMS, subtract 10 dB. This likely overestimates the RMS
value, but enables the assessment to remain as conservative as possible. Using the conservative
conversion of peak noise levels to RMS and then using the spherical spreading loss formula to calculate
the distance for the underwater noise created by the motor to attenuate to the behavior threshold of
marine mammals, the maximum underwater noise generated by a skiff (169 dBPEAK) will attenuate to
the marine mammal behavior threshold (120 dB RMS for non-pulse noise) within 136 ft of the skiff.
This does not take into account the background underwater noise levels of Humboldt Bay, to which
marine mammals are habituated. NMFS (2015) suggested that the 120 dBRMS threshold may be slightly
adjusted if background noise levels are at or above this level. There are numerous contributing sources
to background marine sound conditions. Sound levels produced by other sources not associated with
the Project include recreational boating in the area. Background noise in North Bay was estimated to
be between 164 and 182 dBPEAK at 1-yard distance, based on recreational and commercial boat use in
the area (Kipple and Gabriele 2003). Coast’s boat trips would increase (approximately 18
additional/week), although the type of boat would not change. Additionally, Coast recently upgraded
from 2-stroke to quieter 4-stroke engines in their boats. Thus, the use of Coast’s boats at 157 to
169 dBPEAK would be similar to the background noise conditions currently experienced from existing
boat traffic.
Harbor seals and California sea lions haul out on land for rest, thermal regulation, social interaction,
predator avoidance, and to give birth (NMFS 2016a). The closest pupping haul-out site is in South
Bay, more than six miles away. Therefore, Coast’s activities should have no impact on breeding or
pupping activities at these haul-out sites. While there are closer non-pupping haul-out locations to the
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Project (Figure 6.5.27), only two haul-out locations are near a culture area, Sand Island and Arcata
Channel. It is notable that Sand Island has been actively cultured for over 60 years with no indication
that there are significant impacts to harbor seal populations.
In terms of harbor porpoise use of the proposed Project area, the intertidal habitat where oyster
longlines would be placed is likely too shallow to be used much by this species. According to NMFS
(2016a), the harbor porpoise prefers deeper waters in bays, estuaries, harbors, and fjords. Potential
interactions with boats in the subtidal portion of North Bay would be avoided using standard
avoidance measures.
Many activities in the past included operations that would have been much more disturbing to marine
mammals, including suction dredge harvest, bat ray fences, and bat ray depuration activities (i.e., prey
resource for marine mammals). Even with these more disturbing activities, that are no longer used,
marine mammals did not show a decline in their population in Northern California and in fact showed
an increase from 2002 to 2004 when dredge harvest activities were occurring (Lowry et al. 2008).
Regardless, Coast will not undertake any activities that would be defined as take or harassment (as
defined by the MMPA) of any marine mammals (Conservation Measure BIO-10, Conservation
Measure BIO-11). In addition, Coast will employ Mitigation Measure BIO-3, which includes avoiding
activities that would disturb marine mammals and staying more than 100 m from animals hauled out
on Sand Island.
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Figure 6.5.27 Harbor Seal Haul-Out Locations in North Bay, Humboldt Bay, California.

Source: modified from CDFW data provided to Dale, pers. comm., 2015.
Note: Lease boundaries are approximate based on a review of the legal description and do not represent surveyed locations.
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Multiple studies have looked at human disturbance of seals and have reported significant differences
between passive recreational activities (e.g., kayaking) and motor boats in relation to haul-out
locations. When an alarm signal is observed or danger is detected, the response by harbor seals is to
flee the haul-out and enter the water. Allen et al. (1984) and Henry and Hammill (2001) both observed
that harbor seals more often left haul-out sites when kayaks or canoes were present compared to
vessels with motors. Henry and Hammill (2001) hypothesized that this was likely due to the fact that
kayaks and canoes typically approach slowly, quietly, and low in the water (i.e., similar to a predator)
compared to small boats that tended to be quicker and audible to the seals before visual contact is
made.
While there are temporary haul-out locations, most of the major haul out locations do not overlap
with the proposed oyster culture areas. Coast will not undertake any activities that would be defined
as take or harassment (as defined by the MMPA) of any marine mammals. For example, as a
Conservation Measure (BIO-10), Coast will not conduct any activity when a marine mammal is
observed hauled out in or near a culture area ready for planting, scheduled maintenance, or harvesting
until the mammal has left on its own and without provocation from Coast. In addition, marine
mammals hauled out on Sand Island will be avoided using a 100 m buffer (Mitigation Measure
BIO-3).
Marine mammals typically use the channels and haul-out locations adjacent to the channels. No
activities that result in habitat degradation or alteration were identified that would impact these
locations. In addition, Conservation Measure BIO-11 would restrict Coast from intentionally
approaching or harassing marine mammals while transiting within subtidal channels. Forrest et al.
(2009) states that studies have found that small dolphin species are reluctant to swim through wooden
structure or structure with rope. Harbor porpoises are small dolphins which may exhibit similar
behavior as those studied in Forrest et al (2009). However, no structure is proposed in the channels
where porpoises would likely be swimming.
Harbor seals, California sea lions, and harbor porpoises primarily feed on crustaceans, mollusks, squid,
and fish (WDFW 2005, NMFS 2016a) in open water. These marine mammals will also alter their
foraging behavior in response to seasonal prey pulses. For example, pinnipeds are known to take
advantage of Pacific herring spawning aggregations (Hourston and Haegele 1980, Lassuy 1989,
Willson and Womble 2006, Therriault et al. 2009). Aquaculture activities that occur when there is not
surface water would not impact foraging behavior of marine mammals because marine mammals
forage in open water. Activities that occur when the site is inundated, such as when the longline
harvester is being used, would avoid areas with marine mammals and so would also not affect foraging
behaviors. As described above, there are no expected significant impacts to invertebrates or fish, and
so a reduction in prey resources for marine mammals is not expected as a result of Project activities.
Coast will implement Conservation Measures BIO-10 and Mitigation Measure BIO-3 to reduce or
avoid potential impacts to marine mammals. These measures, in combination with a 100+ history of
culture in Humboldt Bay, indicates that impacts to marine mammals from the expansion of oyster
culture in North Bay are considered less than significant under CEQA.
IMPACT BIO-24: Potential impacts to special-status bird species from the expansion
of oyster aquaculture in Humboldt Bay.
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Marbled murrelets are known to occur in small numbers in Humboldt Bay as foragers, particularly in
the late summer and fall; they are observed primarily in the subtidal entrance portion of the bay
between King Salmon and the Elk River mouth (Strong, pers. comm., 2015). Marbled murrelets are
unlikely to occur in the Project area, as their foraging habitat (i.e., subtidal channels and open bay
habitats) does not overlap with the areas proposed for shellfish culture in North Bay, and thus the
Project is not expected to impede their ability to forage. While boat traffic could result in disturbance,
marbled murrelets are known to forage in subtidal portions of the Bay that have a significant amount
of existing boat traffic and therefore may have become accustomed to occasional boat traffic nearby
foraging areas. Further, the Project would not result in any additional boat trips to Central or South
Bay, and would only result in 18 additional boat trips per week to North Bay. This small increase in
boat traffic is not likely to result in a noticeable increase in potential disturbances as compared to
existing conditions. Impacts on foraging marbled murrelets are therefore considered less than
significant under CEQA.
Nonbreeding western snowy plovers infrequently occur on the interior of Humboldt Bay (Colwell
1994), but mostly in the South Bay on sandier substrates rather than on softer substrates associated
with mudflats in North Bay. As noted above, the Project would not result in any additional boat trips
to South Bay. Because they are not expected to occur within the subtidal or low intertidal areas
proposed for shellfish culture, impacts on western snowy plovers are considered less than significant
under CEQA.
Potential impacts on roosting California brown pelicans are described in Impacts to Roosting Birds,
below.
IMPACT BIO-25: Potential impacts to black brant foraging from the expansion of
oyster aquaculture in Humboldt Bay.
The results of the 2015 North Bay brant surveys conducted by H.T. Harvey & Associates, discussed
above (see also Appendix E), indicate that tide height influences brant use of aquaculture plots and
undeveloped expansion areas. During high tides, brant were observed in similar densities in expansion
plots (mean density=1.0 birds/acre) and existing plots (mean density=1.3 birds/acre). However,
during low tides, black brant were consistently observed in higher densities in undeveloped expansion
plots (mean density=2.6 birds/acre) compared to existing aquaculture plots (mean density=0.1
birds/acre). Supplemental time-lapse recordings taken during the April survey period provide further
anecdotal evidence that brant forage and traverse both existing and proposed aquaculture sites when
water is sufficiently high to swim, but do not occur in sites with longlines at lower tides when the
infrastructure is exposed, impeding their swimming ability, even in wider rows within longlines (i.e.,
10-foot “boat rows”). The time-lapse video also indicated that brant did not avoid the edges of the
existing aquaculture sites at any tidal level. Collectively, this evidence suggests that brant utilize their
preferred method of foraging in shallow water when tide height provides sufficient access to rooted
eelgrass. The presence of structure apparently precludes them from foraging in this manner when the
structure impedes their ability to easily swim through aquaculture sites. Although brant are
occasionally observed walking across dry beds and foraging at very low tides, they apparently employ
that behavior infrequently, likely due to higher energetic costs associated with foraging in that manner.
It should be noted that during these surveys and other observations, eelgrass did not appear to be a
limiting resource for brant in North Bay; eelgrass appeared to be abundant bay-wide and brant did
not appear to be restricted in their ability to forage.
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The effects of brant avoidance of aquaculture structures and the Project’s impact on brant food
sources were evaluated by estimating the reduction in eelgrass available to brant and comparing this
reduction to modeling results presented in Stillman et al. (2015). Stillman et al. (2015) presents an
individual-based model that predicts changes in daily mass gain, stopover duration, and survival of
black brant in Humboldt Bay in response to sea level rise, changes in eelgrass abundance, and increases
in anthropogenic disturbance (e.g., boat traffic). The model takes advantage of the best available data
on eelgrass density, distribution, and biomass in Humboldt Bay. The model follows a population of
brant over a 183-day spring season in which brant arrive, forage, and move throughout the bay.
The Stillman et al. (2015) model predicts that the total biomass of eelgrass in Humboldt Bay could
support up to five times the number of brant than have been observed to use the bay in recent years;
however, the authors are careful to point out that this result is somewhat misleading because brant are
limited in their ability to fully capitalize on the resource. Eelgrass is only available during a limited
window of tidal height, which imposes a temporal limitation on the amount of total eelgrass that is
available for foraging. Stillman et al. (2015) found that “effects were evident on the percentage of
brant successfully emigrating after a ≥ 40% decline eelgrass abundance, but were apparent on stopover
duration and rate of mass gain after a ≥ 10% decline in eelgrass abundance”. Delayed migration can
result in reduced fitness for black brant and may delay egg laying and hatching at the breeding grounds
in some years, which in turn may reduce first-year survival rates and lifetime growth potential (Sedinger
and Flint 1991, Sedinger and Chelgren 2007). A decrease in the number of birds emigrating from
Humboldt Bay was not predicted until eelgrass biomass was reduced or human disturbance was
increased by at least 30%.
To assess whether the previous project, proposed in the October 2015 DEIR, could reduce eelgrass
biomass availability to the extent that stopover duration for brant would be significantly increased
under CEQA criteria, the biomass of eelgrass within the project footprint was estimated using the
same modeling approach as used in Stillman et al. (2015). First, eelgrass data on above-ground biomass
and average shoot length of dense eelgrass beds throughout all of Humboldt Bay were combined with
bottom elevation relative to mean lower low water, tidal inundation data, and brant foraging behavior
(e.g., reaching depth), to estimate the proportion of biomass that would potentially be available to
foraging brant in the absence of Project infrastructure. The eelgrass biomass data used for this analysis
was identical to that used by Stillman et al. (2015).
Then, to estimate potential impacts of existing and proposed aquaculture operations on eelgrass
biomass and availability to brant, the following metrics were applied to the October 2015 DEIR
project footprint, including existing and proposed areas: (1) 4.8% reduction in eelgrass density due to
shading within the 622 acres of aquaculture plots occurring within dense eelgrass habitat; and (2) brant
exclusion from aquaculture plots due to exposed infrastructure at 0.51 m (2 ft) for existing plots, 0.3
m (1 ft) for cultch-on-longlines expansion plots, and 1.02 m (40 in) for basket-on-longlines expansion
plots. This depth of exclusion was combined with shoot length estimates to determine the proportion
of the eelgrass canopy remaining above the longlines, and therefore available to brant. Because survey
results indicate brant do not avoid the edges of existing aquaculture sites, no additional buffer areas
of exclusion (i.e., around the project footprint) were included in this analysis. This portion of the
modeling process differed from that presented in Stillman et al. (2015) in that eelgrass occurring within
the existing aquaculture was not excluded (either partially or wholly) from brant availability in their
model. Thus, the resulting biomass estimates presented below likely reflect a more conservative
estimate of eelgrass that is available to brant.
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The bay-wide eelgrass biomass reduction (i.e., the impact to brant foraging) as a result of the October
2015 project was estimated to be approximately 3%. This result relied on the following assumptions:
(1) aquaculture reduces overall eelgrass biomass by 4.8% within the Project footprint; (2) brant will
forage on shoots taller than the longlines and other structures (when tide height allows); and (3) there
is no buffer around Project footprints (i.e., where brant are excluded).
Important differences between the project description used to conduct the above analysis (based on
the October 2015 DEIR) and the Project make the 3% reduction in available biomass greater than
what is predicted for the Preferred Alternative presented in this R-DEIR. These differences include:
(1) the October 2015 DEIR proposed 492 acres of project infrastructure within dense eelgrass habitat,
whereas this R-DEIR proposes 409 acres (a 16.9% reduction); and (2) the October 2015 DEIR plan
resulted in a 4.8% reduction in eelgrass density within the project footprint, whereas the revised
Project is estimated to increase net density by 0.3 to 2.4% after mitigation: because mitigation sites are
all intertidal, it is assumed that eelgrass generated will be available for brant consumption (with the
exception of eelgrass generated beyond the brant foraging depth dictated by culture infrastructure). It
should also be noted that longline height will be greater (16 inches) in 250 acres of Phase I of the
project relative to current conditions and to what was originally proposed in the October 2015 DEIR
(1 foot) because of the use of double-hung longlines.
Nevertheless, with implementation of Mitigation Measure BIO-1, the overall impact on eelgrass
availability given the change in project design is predicted to be less than that modelled for the October
2015 DEIR project. Moreover, if monitoring reveals that impacts to eelgrass are not balanced by
mitigation, the project will implement adaptive management and, potentially, additional mitigation, to
ensure that eelgrass impacts remain below the no net loss threshold of significance. Implementation
of Mitigation Measure BIO-4 will ensure that any eelgrass generated through additional mitigation is
available for brant consumption taking into consideration infrastructure, depth, proximity to major
areas of anthropogenic disturbance, and other factors. Bay-wide eelgrass available for brant should
thus be reduced by less than 3% following implementation of both phases of the revised plan.
A bay-wide reduction of less than 3% is unlikely to result in additional energetic constraints such that
daily mass gain is reduced or stopover duration is increased to a level of significance under CEQA.
There may be effects that occur; however, these should be less-than-significant, especially when
compared to natural variation in eelgrass biomass and brant numbers occurring in the Bay within
and between years and the annual harvest of brant by recreational hunters (hundreds to thousands
per year from the California North Coast Zone, Table 6.5.7). After implementation of Mitigation
Measures BIO-1 and BIO-4, impacts to black brant are thus predicted to be less than significant.
IMPACT BIO-26: Potential impacts to black brant associated with human disturbance
from the expansion of oyster aquaculture in Humboldt Bay.
Disturbance near brant foraging, gritting, or roosting habitat, including loud noise or the presence and
movement of people, may alter brant behavior. Such disturbance could result in temporary or
permanent habitat loss attributable to avoidance of areas that have suitable habitat but intolerable
levels of disturbance, a reduction in foraging efficiency if high-quality foraging areas are affected, and
increased movement (e.g., flight response) or altered activity patterns. Reduced foraging time and
increased flight time can deplete energy reserves of brant (Ward et al. 1994), thus reducing the potential
for brant to migrate and breed. Disturbance that interrupts other behaviors such as resting or gritting
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can result in similar energetic constraints. Foraging typically occurred during low tides when eelgrass
was available whereas resting and loafing (swimming) occurred more during high tides (Schmidt 1999).
Henry (1980) found that areas subject to human disturbance in Humboldt Bay were used at lower
densities by brant than other areas. Hunting (which is now only allowed in the fall), clamming on
mudflats and aircraft resulted in the highest levels of disturbance. Schmidt (1999) found that the
majority of brant disturbances in Humboldt Bay resulted from small boats (those under 23 feet; 27%),
the presence of people (22%), and large boats (those over 23 feet; 21%); natural disturbances (caused
mainly by birds) resulted in disturbance approximately 10% of the time. No disturbance surveys have
been conducted since Schmidt (1999), but it is unlikely that disturbance has substantially increased
since then. Because tides constrain their ability to obtain eelgrass (Moore and Black 2006), brant have
limited ability to compensate for foraging time lost to disturbance. Schmidt (1999) noted that larger,
slower moving vessels were less likely to elicit a response from brant, compared to smaller and faster
moving vessels.
To accommodate Project expansion, additional boat trips and personnel will be needed in North Bay.
At most, two additional boats and an additional 18 boat trips will be needed throughout the bay on a
weekly basis, with individual trip length remaining at 4 hours for scows and skiffs and at 4 to 6 hours
for harvesters (see Table 4.4 in Project Description). The additional boat trips will result in an increase
in Coast’s time on the bay by approximately 74 boat hours per week. While some boats will carry up
to two additional crew members, crew numbers on other boats will remain the same. Further, while
the additional boat trips will service additional areas of Coast’s proposed farm, it will not increase the
frequency of disturbances on any particular plot or area. As with existing culture areas, oysters will be
harvested and planted every 1.5 to 3 years, depending on culture method, conditions, species of oyster
and other factors. Between harvests, culturists visit cultch-on-longline plots (proposed on 568 acres)
approximately once a month to perform maintenance. Visits to basket-on-longline plots (proposed
on up to 54 acres) are more frequent, with some work performed on different areas of each plot on
an almost daily basis (the whole plot is not visited daily). Rack-and-bag culture, which represents a
maximum of 4 acres of the expansion area, requires the most frequent maintenance, with crews
working throughout the bed on an almost daily basis (see Table 4.2). The proposed expansion will
result in a 32% increase in the number of boat trips per week and a 34% increase in boat hours per
week compared to existing conditions (Table 4.1).
Although aquaculture expansion will result in an increase in human disturbance in North Bay, the
increase is not expected to be significant beyond existing conditions. Total Bay-wide disturbance to
brant from all natural and anthropogenic sources was estimated to be 3.3% of daylight hours (119
seconds per daylight hour, Schmidt 1999). All boat traffic combined accounted for approximately 48%
of all disturbance, which is approximately 1.6% of daylight hours (0.48 * 0.033 = 0.016 = 1.6%, or
119 seconds * 0.48 = 57 seconds per daylight hour, Schmidt 1999). If bay-wide boat activity is the
same as in 1999, and existing Coast Seafoods boat operations are no greater than in 1999, and all baywide boat activity in 1999 could be attributed to Coast Seafoods (Coast is the most active group in the
bay, but there are also fisherman, hunters, agency work, etc.), and all Coast Seafoods boat activity
resulted in disturbance of brant (also a clearly unrealistic and conservative assumption), then the 34%
increase in boat hours estimated for the proposed expansion would result in an increase of 0.5%
disturbance bay-wide (0.016 * 0.34 = 0.005 = 0.5%, or 57 seconds * 0.34 = 19 seconds per daylight
hour). This would result in 3.8% total disturbance Bay-wide based on the 1999 estimates, which is well
below the 10% disturbance level estimated to increase stopover duration by Stillman et al. (2015).
Only 0.5% of that 3.8% would be attributable to the Project based on our overestimate of the
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disturbance effects of the Project on brant. This reduction of 0.5% due to increased disturbance, when
combined with a < 3% reduction in eelgrass availability due to proposed project culture infrastructure,
is well below the 10% threshold derived from Stillman et al. 2015. Therefore, human disturbance
caused by the Project is expected to result in less than significant impacts to black brant.
IMPACT BIO-27: Potential impacts to black brant associated with loss of grit sites
from the expansion of oyster aquaculture in Humboldt Bay.
Migrating brant feed almost exclusively on eelgrass and thus their ability to forage is restricted by the
tidal cycle, but gritting sites are also very important areas that brant need to access to acquire sandy
grit (Lee et al. 2004, Moore and Black 2006, Bjerre 2007, Spragens 2013). Gizzard grit is ingested by
brant as an aid to mechanically breakdown eelgrass and provides an important source of calcium (Lee
et al. 2004, Bjerre 2007). Brant tend to visit grit sites when they become available during retreating
tides; grit sites occur relatively high in the intertidal zone and thus are available earlier than eelgrass
beds (Lee et al. 2004, Moore and Black 2006). Brant then move from grit sites to eelgrass beds when
tidal elevations are low enough for brant to access them (Moore and Black 2006). Although grit sites
appear to be abundant in Humboldt Bay, brant have been observed preferentially selecting particular
grit sites that provide supplemental calcium and include larger than average particle sizes (Lee et al.
2004, Bjerre 2007). In some cases, brant have been observed staging over the best gritting sites
awaiting tides to recede, and brant continue to use gritting sites even when eelgrass (which occurs at
lower elevations) was available for foraging (Bjerre 2007). Based on available literature, the primary
grit sites in Humboldt Bay occur along the northern portion South Spit of South Bay (Figure 6.5.28).
The South Spit is a large sandbar between the South Bay and Pacific Ocean where higher-elevation
sandy substrate is available to brant on receding tides before eelgrass at lower elevations is available
for foraging.
Although specific gritting sites within the Project footprint have not been identified, it is possible that
there are some potential grit sites in the Project area and that brant may be precluded from using those
sites after the installation of aquaculture infrastructure. The loss of gritting sites may result in brant
using other sites, possibly resulting in higher energetic costs associated with additional movements to
access other areas. However, the majority of the intertidal footprint of the Project occurs in lower
intertidal areas (that are occupied by eelgrass) and are unlikely to contain suitable grit. Grit sites tend
to be in higher, sandy areas that are exposed early on outgoing tides before lower-elevation eelgrass
beds are exposed enough for foraging (Lee et al. 2004). Available grit within the Project footprint
would be unavailable to brant except at very low tides, which means that they are likely less important
than other gritting sites that are higher in elevation, such as Sand Island. Additionally, based on
sediments mapping (see Figure 6.5.12), most of the Project substrate is associated with finer particles
than used for grit. Because brant tend to use gritting sites on receding tides, it is unlikely that brant
will be constrained in their movements to access them. Rather, their ability to forage is more likely to
be restricted by the Project through placement of aquaculture infrastructure in eelgrass (see IMPACT
BIO-25). Because the Project is not expected to impact any known gritting sites of importance to
brant, and because the Project expansion will occur at lower tidal elevations than are associated with
known important gritting sites for brant in Humboldt Bay, the impact is considered less than
significant under CEQA.
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Figure 6.5.28 Map of Humboldt Bay Depicting Potential Black Brant Grit Sites in South Bay
and North Bay.
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IMPACT BIO-28: Potential impacts to roosting birds from the expansion of oyster
aquaculture in Humboldt Bay.
Bird species such as double-crested cormorants (Phalacrocorax auritus), California brown pelicans,
Caspian terns (Hydroprogne caspia), Forster’s terns (Sterna forsteri), elegant terns (Thalasseus elegans), and
gulls (Larus spp.) can be found roosting on structures within Humboldt Bay. Abundance of some
species within the bay varies seasonally: Forster’s terns are most abundant in winter and spring, elegant
terns occur in fall, and pelicans peak in late summer/fall. While double-crested cormorants and gulls
are generally abundant year-round, they show a significant increase in species diversity and numerical
abundance in winter (eBird 2015). These birds may roost on rafts or other structures associated with
aquaculture, and pelicans have been reported roosting on Sand Island located in close proximity to
existing shellfish culture areas, as well as on oyster racks in North Bay (Jaques et al. 2008).
Noise and boat traffic have the potential to disturb roosting birds and cause them to flush from the
area. As further described in Section 6.12, Noise, the Project has the potential to result in small
increases in noise associated with harvest activities and increased boat traffic. The frequency and
degree of this disturbance will vary by culture activity. Intertidal oyster culture areas will experience a
higher degree of culture-associated disturbance during the planting and harvesting cycle, which occurs
only every 1.5-3 years. Between harvests, bed maintenance is minimal, occurring only once per month
for cultch-on-longline (up to 522 acres of the expansion area). Basket-on-longline plots (up to 96 acres
of the expansion area) receive more frequent visits with crews working through some parts of most
beds on an almost daily basis. Visits to rack-and-bag sites will be most frequent, occurring on an
almost daily basis (see Table 4.2). As described above, the Project would require a maximum of 18
additional boat trips/week. The noise generated during boat trips and maintenance activities will be
similar to what occurs from other existing uses on the bay including recreational users (e.g., hunters,
fishermen, and paddle and motor boaters) and commercial users (e.g., shippers and commercial
fishermen), and represents a small increase (approximately 0.5%) in boat activity over existing
conditions. Activity at the FLUPSY is more frequent, with daily crew visits by boat to maintain the
seed; however, activity on the existing FLUPSY is not expected to increase as a result of placing
additional bins.
Further, the increase in activity to maintain and operate Coast’s intertidal beds will generally not be
located near roosting sites. As shown in Figures 4.4 and 4.5 of the Project Description, Coast’s
intertidal sites are located in different parts of North Bay than their subtidal raft locations; generally,
most culture activity will take place at a distance that would not disturb birds roosting on Coast’s
existing rafts or other structures where birds roost. Although culturists will traverse the main channels
via boat to access intertidal sites, birds are unlikely to flush from roosts when boats move through the
channels, as any roosting birds would be acclimated to regular occurrences of boats passing by. Culture
activity would also take place at a significant distance from nearshore or onshore roosting activities,
at a distance where noise or human presence associated with the Project would not likely disrupt
roosting birds. As noted in Section 6.12, Noise, noise generated by Project operations is generally
within existing ambient background noise conditions, although passing skiffs and longline harvesters
may result in short and localized noise increases above ambient conditions, particularly at roosting
sites that are located in areas of North Bay significantly removed from roads, bridges, or the shoreline.
While Coast’s increased activity on Humboldt Bay will be limited, some birds may react to disturbance
caused by culture activities by flushing to nearby sites and possibly returning after the activity is
complete, whereas others may flush at greater distances and abandon the immediate area if they are
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warier of humans or noise. These disturbances have energetic costs associated with flight while birds
search for alternative roost sites. However, it is expected that roosting birds in the bay are generally
habituated to human disturbance, given that birds often roost on sites that are near human activity
(e.g., docks, piers, etc.). It is also expected that individuals that are not habituated to regular human
disturbance will roost in more remote areas of the bay. Because roosting birds are regularly observed
on subtidal aquaculture gear, it is likely that those individuals have habituated to disturbance and are
not significantly disturbed by aquaculture activities. Roost sites in the bay, which include docks, posts,
and other structures, are not a limited resource, as there are numerous unoccupied roost sites in the
bay year-round. Therefore, the effects of human disturbance on roosting birds is considered less than
significant under CEQA.
IMPACT BIO-29: Potential impacts to nesting birds from the expansion of oyster
aquaculture in Humboldt Bay.
As described above, culture areas will be visited for planting, harvest, inspection, and maintenance
activities. One of the existing shellfish culture areas (cultch-on-longline) is located approximately
320 ft from the southwestern edge of Sand Island (see Figure 6.5.13), which supports a nesting colony
of Caspian terns and double-crested cormorants. The proposed expansion area will not occur closer
to Sand Island than existing operations. In 2001-03, 809 double-crested cormorant nests (representing
13% of the statewide total and the largest colony in northern California), and 262 individual Caspian
terns, were counted on Sand Island (Capitolo et al. 2004). In 2008, only 103 cormorant nests were
counted (Caspian terns were not counted), reflecting a reduction in nests from previous counts; it is
possible some birds may have moved to Teal Island in the South Bay where their numbers increased
(365 nests in 2003 to 485 nests in 2008) (Adkins and Roby 2010). In 2014, more than 400 cormorant
nests were counted and over 300 Caspian tern nests were estimated on Sand Island; the colony was
also active in 2015, although numbers are not yet available (P. Capitolo, University of California Santa
Cruz, Unpubl. Data). The colony is presumed to still be active.
Human disturbance associated with Project operations in the vicinity of Sand Island has the potential
to flush nesting Caspian terns and double-crested cormorants. Such disturbances could result in the
loss of eggs and/or chicks, and even cause permanent nest or colony abandonment (Ellison and Cleary
1977, Shuford and Craig 2002). However, to avoid impacts to nesting birds on Sand Island, the Harbor
District imposed a condition as part of Coast’s existing permit to locate its shellfish beds at least 100 m
from the mean higher high water (MHHW) line of Sand Island. This condition would be continued
and applied to the current Project as well (Mitigation Measure BIO-2). Areas proposed for expanded
intertidal culture would not be located any closer to Sand Island than existing culture areas and the
frequency of boat trips to the area is not expected to increase. Impacts to nesting Caspian terns and
double-crested cormorants on Sand Island as a result of shellfish culture operations are therefore
considered less than significant under CEQA.
IMPACT BIO-30: Potential impacts to birds from artificial lighting.
Artificial lighting has been attributed to adverse effects on terrestrial, aquatic, and marine birds, fish,
and mammals (Rich and Longcore 2006). Potential effects on marine and migratory birds include
attraction to lights, disorientation, and injury or death due to collision with structures (Rich and
Longcore 2006). When birds fly into lighted areas at night, they may become disorientated and circle
artificial lights (Herbert 1970). Floodlights are known to attract and kill migratory birds, particularly
on cloudy or misty nights during fall and spring (Rich and Longcore 2006). However, no additional
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permanent lighting will be installed as a result of the Project. Additional lighting will be limited to
lighting that will be infrequently used by culturists and by work boats accessing shellfish culture areas
at night. For this reason, this potential impact is considered less than significant under CEQA.
IMPACT BIO-31: Potential impacts to birds from human disturbance.
Leased areas will be visited with varied frequency for routine maintenance and inspection and, in
intertidal culture areas, every 1.5-3 years for harvest and planting. Related to these activities, noise will
be generated from small boats, movement and maintenance of equipment, generators and mechanical
harvesters, and communication among aquaculture workers. The frequency of boat trips to each
shellfish bed will not increase with the expanded intertidal culture; however, additional boats, crew
and boat trips will likely be necessary to maintain and operate the expanded culture area. Boat traffic
and the presence of personnel associated with visits to shellfish culture sites could disturb waterfowl
and cause birds to flush from foraging areas and reduce temporal and/or spatial access to food.
As described above in IMPACT BIO-26, a recently-developed model used to assess the sensitivity of
black brant to disturbance in Humboldt Bay predicted a reduction in the potential for brant emigration
at disturbance levels of greater than 30% (i.e., a loss in 30% of foraging time), and a reduction in mass
gain and increase in stopover time was predicted at a 10% level of disturbance (Stillman et al. 2015).
Although energetic requirements and ability to gain mass are likely different for other waterfowl,
including wigeon, that have different (and more varied) diets, the Stillman et al. energetics model
represents a valid framework for assessing effects of disturbance. 12 The Stillman model provides that
brant are likely to experience energetic constraints when disturbance levels exceed 10%. Using the
same threshold of significance for species like wigeon is appropriate given that wigeon are likely to
experience similar energetic constraints at those disturbance levels, although the threshold is likely
conservative for two reasons: first wigeon have a more varied diet and second wigeon body mass is
approximately half that of brant (DeVault et al. 2003) and thus their metabolic rates and energetic
costs associated with flight are lower.
Although aquaculture expansion will result in some increase in human disturbance, given the limited
increase in boat trips (the proposed expansion would result in an increase of 0.5% boat disturbance
bay-wide) and activity as compared to existing conditions, the Project is not anticipated to result in
close to a 10% increase in disturbance time above existing conditions. As explained above, there will
be a maximum of 18 additional boat trips per week throughout North Bay (totaling an additional 74
hours per week), however the number of hours each boat is active in the bay will remain the same.
Waterfowl in the bay are already somewhat habituated to the current level of human disturbance from
boat traffic and other activities. For example, the highest densities of American wigeon in Humboldt
Bay (relative to other known habitat types around the bay) coincide with winter waterfowl hunting
that also occurs on the bay, suggesting their winter habitat use of the bay is not particularly influenced
by disturbance (Brendan 2015). Therefore, any additional energetic costs to waterfowl associated with
increased human disturbance generated by the Project are considered less than significant.
IMPACT BIO-32: Potential impacts to waterfowl foraging from the expansion of
oyster aquaculture in Humboldt Bay.
It is unlikely that brant and wigeon will compete for available eelgrass resources, given that brant typically arrive in
Humboldt Bay in late winter and spring, and wigeon consume eelgrass in tidal habitats primarily in mid-winter.
12
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The Project could reduce the amount of available eelgrass foraging habitat for waterfowl by precluding
them from entering all or portions of shellfish culture sites. The Project includes 409.7 acres of
shellfish cultivation in continuous (≥85% cover) eelgrass and 184.4 acres in patchy eelgrass (>10% to
<85% cover) (see Table 6.5.10). There is evidence that waterfowl avoid moving among shellfish
culture structures during low tides, which coincide with the period when eelgrass beds are most
available for foraging. In an Irish estuary, wigeon fed on green algae attached to oyster culture
structures, which indicates a willingness to enter and utilize the structures, but only when the tide was
high enough to allow them to swim amongst the structures (Higerloh et al. 2001). This behavior was
also observed by black brant in North Bay (HTH 2015) and wigeon likely exhibit a similar behavior
(i.e., swimming through and foraging on rooted or floating eelgrass in aquaculture areas when water
levels are sufficiently high). Thus, wigeon are not likely to be constrained from foraging in shellfish
beds except when tide levels are too low to allow access to shellfish beds by water.
Unlike brant, wigeon and other waterfowl are much more plastic in their ability to forage on a wide
variety of vegetation, and they forage on intertidal areas for a much shorter duration of their annual
cycle (i.e., in mid-winter). There is no indication that other foraging resources are limited for waterfowl
in the Humboldt Bay region and thus there are alternative foraging opportunities. A reduction in
eelgrass foraging potential during low tides is not expected to restrict foraging to the extent that
waterfowl ability to emigrate and breed is significantly impacted. Therefore, the potential loss of
waterfowl foraging habitat as a result of temporal or spatial exclusion at shellfish culture structures is
considered less than significant.
IMPACT BIO-33: Potential impacts to shorebird foraging from the expansion of
oyster aquaculture in Humboldt Bay.
Recent analysis of the Humboldt Bay’s carrying capacity (see Appendix G and IMPACT BIO-9 above)
indicate that filtration by current and proposed oyster culture activities will not significantly affect
phytoplankton levels in the Bay. Because the phytoplankton turnover rate is too fast to be substantially
affected by current and proposed shellfish culture, any impact that might result to shorebird foraging
from affects to phytoplankton (e.g. reduced forage availability) is anticipated to be negligible.
While some shorebirds may be attracted to intertidal aquaculture areas due to an increase in foraging
resources (Caldow et al. 2004, Forrest et al. 2009) or favorable changes in substrate heterogeneity
(Quintino et al. 2012, Trianni 1996), much of the Project is at suboptimal tidal depths for shorebird
foraging. The vast majority of the Project is proposed to occur in low-elevation areas that are
frequently inundated such that they are unavailable for foraging shorebirds during a large proportion
of the tidal cycle, relative to the higher, unvegetated mudflats. In particular, shorebirds are unlikely to
forage in the 409 acres of the Project proposed in dense eelgrass beds; those areas experience frequent
inundation and are of lower value to shorebirds compared to unvegetated mudflats, where shorebirds
typically forage. Some areas, such as those classified as “patchy eelgrass” (184.4 acres) may support
shorebird foraging to some extent, as they include some unvegetated mudflats that shorebirds may
forage in, but, in general, the elevation of the Project footprint is low in the tidal frame.
The most relevant study in assessing whether shorebirds forage in aquaculture longline plots was
conducted by Connolly and Colwell (2005) in North Bay. The study compared low-tide shorebird use
of aquaculture plots (cultch-on-longline) to adjacent intertidal flats without the presence of
aquaculture (as control sites). Connolly and Colwell’s results indicate greater shorebird species
diversity on cultch-on-longline oyster plots than on the tidal flats without oyster culture (i.e., control
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plots), although there was variation in species use of longline and control plots. 13 Where differences
occurred, five species (willet, whimbrel [Numenius phaeopus], dowitchers, small sandpipers, and black
turnstone [Arenaria melanocephala]) were more abundant on longline plots than control plots during the
study (Connolly and Colwell 2005). The authors suggest that increased abundance of these shorebirds
on longline plots may be related to an increase in foraging opportunity or an increase of prey density
or diversity. One species (black-bellied plover) was more abundant only on control plots. The authors
suggest that greater use of control plots by black-bellied plovers may be a result of greater abundance
of their principle prey items occurring on control plots, or factors related to reduced foraging
efficiency related to their visual foraging methods. Although little is known about invertebrate prey in
Humboldt Bay, prey may be less available to black-bellied plovers under long-lines because there is a
higher concentration of shorebirds that are attracted to food resources under the lines (compared to
non-aquaculture sites), or prey may be less detectable by plovers due to visual obstructions in longline plots.
Results of recent monitoring efforts in North Bay also suggest that shorebirds readily forage under
aquaculture longlines. Wildlife-monitoring cameras were deployed in North Bay to observe bird
behavior in existing aquaculture plots (as well as in non-developed areas for comparison) in relation
to tide height and aquaculture infrastructure (HTH 2015). Cameras were deployed in April 2015 such
that time-lapse photography could be recorded for approximately 3 days. In imagery taken by one
camera on a longline plot, shorebirds were observed in large numbers foraging in and adjacent to the
aquaculture plots when water levels were low enough for shorebirds to access the site. Although no
quantitative assessment of the camera imagery was conducted, shorebird use within and outside of the
aquaculture plots (i.e., within view of the camera) appeared to be similar. No behavioral differences in
shorebird use within the plot were observed (e.g., shorebirds readily foraged under the lines).
Shorebirds were observed first accessing the area when water levels were low enough for shorebirds
to stand and forage and they continued to forage until water levels rose to levels that forced them to
cease foraging and leave the site. During the recordings, larger marbled godwits would arrive before
small species (i.e., small sandpipers [Calidris spp.]), as the smaller birds can only access the sites when
fully exposed or in very shallow water. Although the camera imagery represents a small sample size,
the recordings confirm the previous findings of Connolly and Colwell and suggest that shorebird
foraging occurred irrespective of the presence of longlines. Shorebird presence in or out of aquaculture
areas was primarily dependent on water levels and access to food resources in shallow water or
exposed mudflat.
Although some species of shorebirds may avoid culture areas and some culture techniques may have
a greater exclusive effect, avoidance of aquaculture areas is unlikely to result in significant adverse
effects such as increased competition for food and reduced body condition for most species. Many
shorebird species (e.g., western sandpipers) demonstrate plasticity in selecting stopover sites, thus
allowing them to opportunistically exploit food resources when available and to avoid predators. This
is evidenced by large flocks of small sandpipers routinely observed foraging on mudflats throughout
Humboldt Bay for brief durations during migration. Because sandpipers demonstrate low site fidelity

13 Note that the Connolly and Colwell results may be less applicable to long-billed curlews, as many individuals of this
species will occupy non-breeding territories in Humboldt Bay (Colwell and Mathis 2001) and the study plots were
established irrespective of curlew territories (Colwell, pers. comm., 2015). Thus, although long-billed curlews may have
shown no preference for longline or control plots in the study, use or avoidance of aquaculture areas is difficult to assess
because few territories likely overlapped with study plots (Connolly and Colwell 2005).
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and rely on a very small proportion of the bay during migration, the Project (particularly given its
generally low elevation) is unlikely to restrict foraging opportunities.
If exclusion from forage sites occurs, it may have a greater impact on larger species such as long-billed
curlews: large, territorial birds that rely on intertidal foraging areas for extended periods during the
non-breeding season. Curlews maintain wintering foraging territories in North Bay, particularly along
channel edges, and it is possible that some curlews may be displaced from newly developed
aquaculture areas. Curlews use pastures as alternative habitats during wet periods, and thus some of
their energetic needs may be satisfied from foraging in other habitats; however, their territoriality on
mudflats during low tides suggest those areas represent important foraging areas for meeting their
energetic needs for migration and reproduction. Loss of available habitat could also result in increased
competition and reduced foraging efficiency in alternative foraging areas, such as pastures, or altered
activity patterns that reduce energy reserves and increase predation risk. Further, if curlews do
maintain territories in aquaculture areas, they will be periodically displaced by the presence of humans
(see Table 4.2). Larger shorebirds, such as curlews, experience higher energetic costs when forced to
fly than smaller species, thus they are likely to be impacted more by human disturbance than smaller
species.
The wintering population of curlews in Humboldt Bay has been estimated to be approximately 200300 individuals (Leeman and Colwell 2005) and the long-billed curlew range-wide population has been
estimated to be over 161,000 individuals (Jones et al. 2008). Black-bellied plovers are relatively
common in Humboldt Bay: observations (based on high counts conducted November 1998-January
1999) totaled 1,752 birds (Danufsky and Colwell 2003). The population of black-bellied plovers (P. s.
squatarola; those breeding in Alaska) has been estimated 262,733 individuals (considered a conservative
estimate) and is considered a stable population, although the Atlantic population (P. s. cynosurae),
estimated at 100,000 individuals, is thought to be declining (Andres et al. 2012). Both species
demonstrate territoriality in wintering habitats that can make them more susceptible to human
disturbance and habitat exclusion than non-territorial shorebirds.
Curlews have been observed in intertidal habitats in densities ranging from 0.05 to 0.09 birds per
hectare (or 0.02 to 0.04 birds per acre; Mathis et al. 2006). Density was estimated at 0.36 birds per
hectare (0.15 birds per acre) in the Elk River estuary, where density of curlews was highest. Within the
Project footprint, areas located on the southwest side of Bird Island and south of Sand Island include
areas of high-density curlew use (>20 birds in an approximately 61 acre-area) along with other areas
of lower curlew densities; however, it should be noted that longlines already occur (and occurred
during the study period) within those high-density grid-cells mapped by Mathis et al. (as well as other
areas with curlew use). While the coexistence of high-density curlew sites and Coast’s existing
aquaculture gear provides some evidence that curlews may not be adversely affected by the gear and
culture activities, the resolution of the Mathis et al. study does not lend itself to any definitive
conclusions regarding whether curlews are affected by longline gear. However, it should be noted that
Mathis et al. also found that curlews were generally absent from low intertidal habitats in the center
of Humboldt Bay exposed for shorter intervals than higher elevations, suggesting that curlews are less
likely to rely on dense eelgrass beds for foraging. Therefore, curlews may not regularly forage in the
majority of the Project area, given that it is mostly characterized by dense eelgrass at low intertidal
elevations that is unlikely to be used frequently (if much at all) due to regular tidal inundation and low
potential as foraging habitat. While curlews have been identified in a variety of habitats in Humboldt
Bay, there is a general preference to forage near the edges of tidal channels. Conservation Measure
BIO-10 and BIO-12 will further reduce impacts to curlew habitat near subtidal channels through
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requiring that Coast maintain a 10-foot buffer from subtidal channels for shellfish plots within the
expansion area and will not intentionally harass migratory birds from foraging locations.
While use of the Project area by curlews may be limited, it is likely that the Project area will overlap
with some sites currently used by curlews for foraging. Curlews may be flushed during some activities
(particularly planting and harvesting); however direct access to most culture sites will occur
infrequently (see Table 4.2) and boat traffic in subtidal channels results in little disturbance to
shorebirds using nearby intertidal areas at low tide. Therefore, impacts to curlews are expected to be
less than significant.
Black-bellied plovers are also susceptible to human disturbance. As noted above, black-bellied plovers
were found under longlines less than in control sites (i.e., undeveloped plots), the only species
documented to demonstrate a potential avoidance of longline sites by Connolly and Colwell (2005).
This species also demonstrates territoriality in wintering areas (Danufsky and Colwell 2003) and their
distribution in intertidal areas may be spaced to reflect winter territories. However, it should be noted
that black-bellied plovers were observed foraging within Coast’s existing longline areas during a
reconnaissance site visit performed by H. T. Harvey & Associates in April 2015, suggesting there is
some acclimation by this species to longlines. Similar to curlews, they are unlikely to use much of the
Project area because most of the expansion area occurs in low-elevation dense eelgrass beds that
provide limited foraging access for shorebirds during most portions of the tide cycle. Further, they are
unlikely to experience substantial human disturbance given the infrequent access to individual beds
within the proposed expansion area, and boat traffic in subtidal channels results in little disturbance
to shorebirds. Although some territories of curlews and black-bellied plovers may be impacted, the
small potential for impact is not expected to result in population-level impacts that are sufficient to
meet the CEQA criteria for significance. Further, most species of shorebirds have been shown to
readily forage in aquaculture plots and may benefit from resources associated with the culture. Thus
the Project is expected to result in less-than-significant impacts to shorebirds under CEQA standards.
6.5.5 Conservation Measures
Avoidance of potential impacts, where possible, is the first priority. Avoidance includes Project siting,
longline spacing, and culture practices. This section identifies specific Conservation Measures that
have been incorporated into the Project by Coast and are intended to minimize the impacts to
biological resources. The Conservation Measures are intended to ensure that the Project maintains a
high standard that is environmentally responsible, and include the following:
Conservation Measure BIO-1: Coast will not cause the intentional deposition of shells or
any other material on the seafloor.
Conservation Measure BIO-2: Longline spacing for new shellfish culture plots would occur
at 10-ft intervals for cultch-on-longline and alternating 9-ft and 16-ft intervals for basket-onlongline.
Conservation Measure BIO-3: Monthly and post-storm inspections of aquaculture plots will
occur to ensure that gear is properly maintained.
Conservation Measure BIO-4: Rack-and-bag culture plots would not be planted within 25 ft
of an existing eelgrass bed.
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Conservation Measure BIO-5: No anchoring of the longline harvester would be done so as
to shade the same area of eelgrass for a period exceeding 12 hours.
Conservation Measure BIO-6: Larger work boats would be anchored in the channel outside
of eelgrass beds and smaller skiffs would be used to access longlines where eelgrass is present
when the area is inundated.
Conservation Measure BIO-7: Boats will be operated in such a way as to minimize the
degree of sediment mobilization and avoid propeller scarring in areas of eelgrass.
Conservation Measure BIO-8: No dredging, hydraulic harvesting, “bed cleaning,” or any
other activities with a hydraulic harvester would occur.
Conservation Measure BIO-9: New shellfish culture plots will not be planted within 10 feet
of a subtidal channel.
Conservation Measure BIO-10: Coast will not conduct any activity when a marine mammal
is observed hauled out in or near a culture area ready for planting, scheduled maintenance, or
harvesting until the mammal has left on its own and without provocation from Coast.
Conservation Measure BIO-11: Coast will not intentionally approach or harass marine
mammals during vessel transits.
Conservation Measure BIO-12: Coast will not intentionally approach or harass migratory
birds that are actively feeding or resting within the project area.
6.5.6 Level of Significance After Conservation
Upon implementation of Conversation Measures BIO-1 through BIO-10, impacts associated with
IMPACT BIO-3, IMPACT BIO-21, IMPACT BIO-23, and IMPACT BIO-25 would still be
considered significant under CEQA. IMPACT BIO-1, IMPACT BIO-2, IMPACT BIO-4 through
BIO-20, IMPACT BIO-22, IMPACT BIO-24, and IMPACT BIO-26 through BIO-33 are considered
less than significant without mitigation.
6.5.7 Mitigation Measures
The following Mitigation Measures are incorporated into the Project to account for impacts that are
still considered significant.
Mitigation Measure BIO-1: Existing culture longline spacing conversion and eelgrass
recovery. Coast will convert 100 acres of its existing culture footprint from 2.5-ft spaced,
single-hung cultch-on-longline to double-hung cultch-on-longline.
Mitigation Measure BIO-1 is intended to reduce impacts to eelgrass (IMPACT BIO-3). Phase I of the
Project includes the conversion of 100 acres (see Figure 6.5.14). The conversion areas were chosen by
three individuals with intimate and long-term knowledge of Humboldt Bay, shellfish farming, and
eelgrass characteristics within existing culture plots. These individuals spent several tides observing
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the culture plots, and discussing historical and current maps. The criteria used to identify conversion
areas included: (1) areas with eelgrass density outside existing plots that have visibly higher density
than what is currently inside the plots, (2) areas where eelgrass is currently and historically thriving,
and (3) longlines oriented in an east to west direction.
The conversion of existing culture involves taking out lines from existing plots spaced 2.5 ft apart
(some with 5-ft gaps between 5 rows of longlines) and converting the remaining lines to a 10-ft spaced,
double-hung design. This would open up the existing culture area to wider spacing, and allow eelgrass
to re-establish in areas where it may be suppressed. This conversion will provide in-kind mitigation
for the proposed expansion of Phase I. 14
The same five impact scenarios used to calculate the potential reduction in eelgrass density (IMPACT
BIO-3) were used to estimate the potential mitigation lift from increasing the longline spacing from
2.5 ft to 10 ft. This analysis assumes that changing line spacing will result in a reduction of potential
mechanisms of effect, as shown in Figure 6.5.15 and Figure 6.5.16 above.
Based on a 210-acre expansion of oyster culture in Humboldt Bay and a 100-acre conversion of
existing culture, Phase I of the Project is calculated to result in a net neutral or potentially beneficial
overall impact to eelgrass density (Table 6.5.14).
Table 6.5.14 Predicted Balance between Potential Impacts to Eelgrass Density Reduction and
Potential Lift from Eelgrass Density Increases in Mitigation Areas.
Impact
Scenario
New Growth
Average
Growth
Maximum
Growth
Medium
Footprint
Maximum
Footprint

Total Eelgrass Density
Reduction without
Mitigation
Acre
%
-4.7
-1.5%

Total Eelgrass Density
Increase from Mitigation

Overall Impact
(within 310 acres)

Acre
+6.0

%
+1.9%

Acre
+1.3

%
+0.4%

-6.3

-2.0%

+10.0

+3.2%

+3.8

+1.2%

-8.7

-2.8%

+16.1

+5.2%

+7.4

+2.4%

-27.4

-8.9%

+30.9

+10.0%

+3.5

+1.1%

-35.9

-11.6%

+36.8

+11.9%

+0.9

+0.3%

Because the mechanism and calculations for eelgrass impacts and eelgrass lift are the same, it is
possible to calculate the mitigation uplift created by changing longline spacing in existing culture plots.
As with impact calculations, the impact scenarios provide a range of predicted mitigation uplift to
eelgrass density within North Bay, and can be used to understand potential variability in effects
(Figure 6.5.29). Risk assessment analysis found that the use of conservative parameter values results
in risk estimates (or impact assessments) that are 27 times greater than those based on mean values
(Viscusi et al. 1997).

14

As discussed above, no mitigation is proposed for Phase II because it is proposed at a longline spacing and configuration
that the best available science indicates will have no net impact to eelgrass resources. However, in an abundance of
caution, verification of effects associated with 10-ft spaced single-hung cultch-on-longline will be provided as part of the
Project monitoring plan (Appendix F).
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Figure 6.5.29 Range in Impact Compared to Mitigation Acreage based on Impact Scenarios.
An important aspect of accounting for impacts through mitigation is the timing of the benefits from
mitigation compared to the timing of impacts. Impacts to eelgrass from the proposed expansion would
occur during installation and removal of the longlines (short-term impact with similar intensities) and
from shading, mechanical abrasion, and desiccation (longer term impact) that would occur as the
cultch grows over a 2-year period. While trampling is estimated in the maximum footprint scenario to
result in a 25% eelgrass density reduction, the current understanding of trampling frequency associated
with the Project is predicted to result in impacts to eelgrass that are not likely to persist for longer than
1 month (see IMPACT BIO-4).
In terms of recovery potential, Ruesink et al. (2012) indicated that 4 square meter (m2) gaps in eelgrass
beds recovered in 2 years in Willapa Bay. Comparatively, Boese et al. (2009) reported up to 4 years of
recovery time in Yaquina Bay within 4 m2 plots and Tallis et al. (2009) reported more than a 4-year
recovery period in drag dredge plots within areas that had finer grained sediments (e.g., silt and mud).
Based on a review of the aerial imagery between 2003 and 2011, and aerial imagery from the 2009
mapping effort (NOAA 2012, Schlosser and Eicher 2012), there was approximately a 6-year recovery
period from historical suction dredge harvesting events. However, compared to total removal of
rhizomes, as in the studies identified above, there is considerable revegetation of eelgrass within 1 year
when patches of eelgrass are retained in the disturbed recovery area (Neckles et al. 2005). This last
example is likely the most similar to the Project, which proposes to remove oyster longlines in areas
that already containing eelgrass. Therefore, mitigation was assumed to occur at the same rate as
impacts, within a 1- to 2-year period.
Mitigation for natural resources is guided by numerous state and federal policies, including a
Presidential Memorandum (Federal Register 2015) that directs federal agencies to “establish a net
benefit goal or, at minimum, a no net loss goal for natural resources the agency manages.” The
California Eelgrass Mitigation Policy and Implementing Guidelines (NMFS 2014) enunciates policy
and approaches to mitigate for impacts to eelgrass in California. Consistent with the Presidential
Memorandum, this guidance includes a goal of “no net loss of eelgrass habitat function in California”
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(NMFS 2014). The CEMP recognizes the potential for mitigation through a variety of mechanisms,
but identifies in-kind mitigation as preferred. The CEMP is based around a scenario where mitigation
and impacts occur contemporaneously or mitigation occurs after impacts occur. The CEMP applies a
discount rate to the value of eelgrass mitigation sites pre-project to account for the development of
eelgrass habitat function over a period of up to three years. This offset between when eelgrass
mitigation is presumed to be functional and when impacts are presumed to occur creates a target
mitigation ratio of 1.2:1 (NMFS 2014). However, the 1.2:1 ratio is specifically for impacts to eelgrass
area (e.g., areal extent), with respect to mitigation ratios for impacts to density of eelgrass beds, the
CEMP calls for “mitigation … on a one-for-one basis (NMFS 2014).”
The eelgrass impact analysis identifies five scenarios that result in an accumulated reduction in eelgrass
density with mitigation ratios ranging from 1.9:1 to 1.0:1 (Table 6.5.15). These calculated mitigation
ratios illustrate that eelgrass densities are anticipated to be mitigated at a rate that exceeds the CEMP
target of 1:1 for impacts to turion density. Impacts to areal extent are not anticipated, even though
(for simplicity) the eelgrass impact analysis calculates density reduction within a 1.5-ft width. Based on
simple observation, entire widths of bare ground are not associated with oyster longline aquaculture
in North Bay.
Table 6.5.15 Mitigation Ratios by Eelgrass Impact Scenario.
Impact Scenario
New Growth
Average Growth
Maximum Growth
Medium Footprint
Maximum Footprint

Total Impact without Mitigation
Acre
-4.7
-6.3
-8.7
-27.4
-35.9

Mitigation Lift
Acre
+6.0
+10.0
+16.1
+30.9
+36.8

Mitigation Ratio
1.3:1
1.6:1
1.9:1
1.1:1
1.0:1

The CEMP describes further adjustments to the target mitigation ratio based on likelihood of
mitigation success. These likelihoods of success were calculated from past mitigation efforts in four
regions of California ranging from 100% (Central California) to 25% (Northern California). These
likelihoods of success were based on small sample sizes (four sites in Northern California) and are
related to the transplantation of eelgrass to unvegetated habitat, which is not comparable to natural
recovery. Comparatively, eelgrass in Humboldt Bay has been shown to recover within 2 years in
previously vegetated areas after stressors suppressing eelgrass growth were removed (e.g., suction
dredge harvest events), even in the presence of oyster longlines (Rumrill and Poulton 2004).
As described above, eelgrass recovery may take 2 to 6 years following disturbances that remove both
above- and below-ground plant material (Ruesink et al. 2012, Boese et al. 2009, Tallis et al. 2009).
However, when patches of eelgrass are retained within a disturbed area there is considerable
revegetation within 1 year (Neckles et al. 2005). This suggests that eelgrass recovery in areas where
eelgrass suppression is removed by increasing line spacing is likely to be rapid and exceed the recovery
rates implied in the CEMP. Field reconnaissance also suggests that most, if not all, longline plots
contain eelgrass between and under existing longlines. Therefore, recovery will be through both
seeding and rhizomal expansion of mature eelgrass that are present throughout the culture plots. Since
rhizomal expansion is the main mechanism for eelgrass shoots that are produced (Duarte and SandJensen 1990), this infilling process is expected to be rapid.
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Aside from the rapid recovery of eelgrass anticipated within the mitigation areas, the Project impacts
will not occur instantaneously, as noted above. While this memorandum has applied the same
scenarios to assess impacts and mitigation activities, these scenarios are intended to reflect the longterm impacts and uplift associated with the Project. Initial impacts associated with longline placement
may result in some initial loss of eelgrass function through trampling, but recovery from these activities
is expected within 1 month, and the other potential impacts will occur over a 2-year period. Similarly,
recovery in areas where suppression is removed is likely to result in some initial recovery and some
delayed recovery.
Overall, it is likely that both impacts to eelgrass and eelgrass recovery in conversion areas would occur
over a 2-year period. While no significant temporal lag is expected between impact and mitigation, the
proposed Project includes a greater than 1:1 mitigation ratio in all impact scenarios except for the
maximum footprint scenario. Moreover, the timing of impacts and recovery will be monitored, and
any lag in mitigation will be accounted for via adaptive management.
Finally, an important component of the Project is a robust monitoring plan that will provide
verification of the actual impacts associated with the Project, combined with an adaptive management
plan to provide a strategy if impacts or mitigation lift are not in balance. Figure 6.5.30 below describes
the decision tree that will be followed to implement adaptive management and that describes how
data from the monitoring plan will be accounted for in project outcomes.
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Figure 6.5.30 Proposed Adaptive Management Process for the Proposed Coast Expansion Project.
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Adaptive Management
The Project proposes expanding in two phases, coupled with intensive ecological monitoring, to
demonstrate that the Project achieves and maintains no-net-loss of ecological function of eelgrass.
The CEMP (NMFS 2014) identifies characterization of eelgrass spatial distribution, areal extent,
percent vegetated cover, and turion (shoot) density as import metrics of eelgrass habitat condition that
are used as a surrogate for eelgrass ecological function. While the applicant is currently engaged with
the regulatory agencies in a peer review process of the monitoring plan, it is anticipated that the
monitoring plan will use two complementary methods to measure these characteristics in the field
using a before-after control-impact (BACI) type of design:
1. Ground quadrat measurements of eelgrass percent vegetated cover and turion densities within
aquaculture areas and reference areas.
2. Aerial imagery observations of eelgrass spatial distribution of areal extent.
Efforts to monitor eelgrass are complicated by natural variability, which limits the potential for
monitoring efforts to detect small amounts of change resulting from the Project. Therefore, to support
the objective of achieving no-net-loss of ecological function of eelgrass, the Project will likely report
monitoring observations in two ways: (1) the absolute difference in means between observation
periods and treatments, and (2) the statistical difference (hypothesis testing) between the observations
for treatment plots and no change due to treatment. In addition, new technology associated with
Unmanned Aerial Vehicles (UAVs) or drones may be able to provide a complete census of eelgrass in
North Bay, which would reduce the need for statistical testing other than to determine natural
variability.
As characterized in the Decision Tree – Adaptive Management (Figure 6.5.30), Phase I (Expansion
and Mitigation) and Phase II (Expansion) will be evaluated independently. Phase I expansion is
projected to result in reductions of eelgrass density within some expansion areas. These reductions
are proposed to be offset by Phase I mitigation. Therefore, achieving no-net-loss of eelgrass function
during Phase I requires increases in eelgrass density associated with the mitigation site to offset
reductions in eelgrass density predicted to occur in the expansion areas. Monitoring will start prior to
Project actions comprising a baseline, Year 0, for subsequent comparisons. Phase II expansion is
projected to result in a net neutral effect to eelgrass using a 10-ft spaced, single-hung longline method.
Phase II will be evaluated initially by a proof of concept area implemented as part of the Phase I
expansion. This demonstration area will be a single bed at a commercial scale to test changes in areal
extent, with smaller test areas located throughout the Phase I expansion area to test eelgrass density
changes. The decision process for Phase I and Phase II will proceed independently, and Phase I is
projected to take 2 to 3 years before Phase II would occur.
For Phase I, the monitoring observations of eelgrass density will be scaled from the monitoring areas
to be representative of the entire Phase I expansion and mitigation areas. In contrast, eelgrass areal
extent will be mapped for the entire expansion area using imagery collected from an airplane ground
truthed using UAV technology and, therefore, will not require scaling. As described above, there are
two measures of change that will be reported – difference in means, a highly sensitive metric which
can show any difference in the average density between the treatment (aquaculture) and reference (no
aquaculture or pre-project) areas. However, difference in means alone does not account for the
variance in the system, and variance may or may not represent actual differences. If the means are the
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same as, or greater than, the reference areas OR the hypothesis testing demonstrates that means have
increased with statistical significance, then the Phase I Project meets its permit conditions. If means
show no change to a 10% decrease, then the Project must continue monitoring and evaluation for an
additional year. An additional year of data collection may demonstrate equivalence of eelgrass
ecological function. If, however, an additional year of data collection fails to demonstrate no net loss
of ecological function, then meetings would occur with resource agencies to identify appropriate
options. Options may include identification of additional mitigation requirements, changes to
implementation of aquaculture to reduce impacts, and/or removal of aquaculture areas from active
production to allow for increases in eelgrass ecological function. If initial monitoring shows a 10% or
greater decrease in eelgrass ecological function (measured as either density or area), or a decrease that
is statistically significant, then Coast will engage agencies to identify appropriate options at that time.
As described previously, options may include identification of additional mitigation requirements,
changes to implementation of aquaculture to reduce impacts, and/or removal of aquaculture areas
from active production to allow for increases in eelgrass ecological function. All results will be reported
to the resource agencies after Year 2 of Project monitoring, with an identification of whether permit
conditions are met, additional monitoring is needed, or additional consultation and mitigation
measures are required.
If additional mitigation measures are required, then they will occur in areas where eelgrass restoration
or recovery has a high likelihood of success. Secondary objectives would be for providing eelgrass in
areas of known black brant use or herring spawning use. These species have dependence on eelgrass
as a resource, and may be adversely affected by reductions in eelgrass within Humboldt Bay.
For Phase II, a demonstration area and additional monitoring level plots will be used to inform
whether this method of oyster aquaculture is consistent with no-net-loss of eelgrass ecological
function. If Phase II aquaculture monitoring shows no change or an increase in eelgrass density or
area, this will be interpreted as being consistent with no-net-loss of ecological function. This would
result in Coast proceeding to plant expansion areas with longlines spaced 10 ft with single-hung oyster
longlines. This action would be independent of monitoring and adaptive management for Phase I
areas. If the Phase II demonstration areas suggest that eelgrass will decrease, then Coast will enter into
consultation with resource agencies. As part of this process, Phase I will be evaluated to determine if
mitigation occurring as part of Phase I has provided a surplus in compensation beyond the ecological
function lost as part of Phase I expansion. If a surplus exists, it would be used as compensation for
an appropriate amount of Phase II expansion, if needed. At its discretion, Coast may also pursue
additional eelgrass ecological function mitigation measures to allow for Phase II expansion. These
additional eelgrass ecological function mitigation measures may include additional mitigation efforts,
or changes to implementation of aquaculture to reduce impacts. As stated above, the monitoring prior
to expansion of Phase II would be a minimum of 2 years, with reporting at the end of this 2-year
process.
Mitigation Measure BIO-2: Herring egg monitoring and consultation with CDFW. Coast
will ensure that all employees who supervise work on the tidelands are trained by a qualified
biologist to conduct pre-work herring spawn surveys. During the months of December
through March, trained Coast employees will perform a pre-work herring spawn survey at each
location where work is scheduled to take place to determine whether herring have spawned
on eelgrass, culture materials, or substrate. If herring spawn is observed, Coast will: (1) notify
the CDFW’s Eureka Marine Region office within 24 hours, and (2) postpone activities on
those beds until all eggs have hatched. In addition, Coast will work with CDFW during
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spawning surveys to sample within culture gear and identify whether herring are spawning in
the longlines.
Both Mitigation Measure BIO-1 and BIO-2 address potential impacts to Pacific herring. The majority
of the conversion locations for Mitigation Measure BIO-1 occur in the EBMA, which is a higher
priority herring management area for CDFW. In general, increasing eelgrass within the existing culture
will potentially provide more natural spawning substrates in North Bay overall.
Mitigation Measure BIO-3: Marine Mammal Buffers and Avoidance. No activity involving
human disturbance will occur within 100 m of the area of Sand Island that is above mean
higher high water to avoid the harbor seal haul-out location and nesting birds on Sand Island.
Mitigation Measure BIO-3 is intended to reduce impacts to marine mammals and nesting birds
(IMPACT BIO-23 and IMPACT BIO-29).
Mitigation Measure BIO-4: Impact on eelgrass availability to black brant. If monitoring data
demonstrate that eelgrass impacts are above the Project’s adaptive management thresholds
and additional mitigation is implemented, the mitigation provided eelgrass must be available
to black brant.
Mitigation Measure BIO-4 is intended to reduce impacts to black brant as a result of the expansion of
shellfish aquaculture (IMPACT BIO-25).
6.5.8 Level of Significance After Mitigation
Upon implementation of Mitigation Measures BIO-1 through BIO-3, impacts associated with
IMPACT BIO-3, IMPACT BIO-21, IMPACT BIO-23, and IMPACT BIO-25 would be less than
significant under CEQA. Therefore, no significant and unavoidable adverse impacts concerning
biological resources remain.
6.5.9 Effects Analysis of the Alternatives – Marine Habitat, Benthic Communities,
and Aquatic Marine Species
As described in Section 5.0, four alternatives are considered in the DEIR:
•

Alternative 1 (10-ft Spacing): continue current shellfish culture activities in Humboldt Bay
and increase intertidal oyster culture by 622 acres using 10-ft single-hung cultch-on-longline
methods.

•

Alternative 2 (Reduced Footprint): continue current shellfish culture activities in Humboldt
Bay and implement only Phase I of project development – a 210-acre expansion.

•

Alternative 3 (Existing Footprint): continue current shellfish culture activities in Humboldt
Bay without expanding intertidal oyster culture.

•

Alternative 4 (No Project): discontinue the existing shellfish culture operations in Humboldt
Bay and remove associated infrastructure.
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The effects to marine habitat, benthic communities, and aquatic marine species will be discussed
below. As with the impact analysis for the Preferred Alternative, this analysis will focus on overlap
with habitat as well as frequency and intensity of activities. Table 6.5.16 provides the general habitat
categories for the Project and each alternative.
6.5.9.1

Impacts to Marine Habitat

The potential impacts for each alternative are discussed below for unstructured habitat, areal extent
of eelgrass, eelgrass density, and other habitat concerns. For the most part, potential impacts are
similar to what is discussed above in relation to the Project. Where differences exist between the
Project and proposed alternatives, those will be discussed individually.
Changes to Unstructured Habitat

As noted above, aquatic marine species (especially mobile species), depend on a mosaic of habitat that
includes edges or transitional zones between two habitat types. Unstructured habitat provides
locations where the habitat transitions to subtidal channel habitat or eelgrass habitat in North Bay.
Alternative 3 (Existing Footprint) and Alternative 4 (No Action) do not have expansion areas, and
effects to unstructured habitat from these alternatives would be less than significant. Alternative 1 (10Foot Single-Hung) and Alternative 2 (Reduced Acreage) would overlap with unstructured habitat,
patchy eelgrass habitat, and continuous eelgrass habitat according to the values presented in
Table 6.5.16. Alternative 2 overlaps with half as much unstructured habitat (or non-eelgrass habitat)
compared to the Project or Alternative 1. The following is a discussion of the difference between the
Alternatives 1 and 2 to unstructured habitat.
As discussed above, the main change associated with adding structure to sandflat or mudflat habitat
includes the potential to change species composition. Effects would be similar as the Project effects,
but would partially scale with the acreage and/or culture methods associated with the Alternatives.
For example, the amount of unstructured habitat potentially affected in Alternative 1 is the same as in
the Project (23.8 acres) and represents approximately 0.7% of the unstructured habitat available in
North Bay. The amount of unstructured habitat potentially affected in Alternative 2 (11.8 acres)
represents 0.3% of unstructured habitat in North Bay. In both cases, only a fraction of the project
acreage that will be planted in unstructured habitat will actually have aquaculture equipment. Further,
with both Alternative 1 and 2, the potential change to unstructured habitat in North Bay would be a
small fraction of the total unstructured habitat available. However, while both Alternatives would
provide suitable nursery habitat for smaller organisms, neither Alternative would provide as much
structured habitat as the Project. Overall, there were no significant differences identified between the
various alternatives and their potential changes to unstructured habitat.
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Table 6.5.16 General Habitat Categories by Alternative.
Alternative

Existing Culture (acres)

Expansion Area (acres)

Patchy
Continuous
NonPatchy
Continuous
Total
Subtidal
Total
Eelgrass
Eelgrass
Eelgrass Eelgrass
Eelgrass
Other*
1.0
4.8
5.8
[4.1]
3.6
7.7
Cultch
8.5
249.8
24.5
282.8
15.2
168.6
380.5
564.3
Basket
10.4
0.8
11.2
5.0
15.8
29.2
50.0
Total
1.0
8.5
265.0
25.3
299.8
[4.1]
23.8
184.4
409.7
622.0
Other
1.0
4.8
5.8
Cultch
8.5
249.8
24.5
282.8
[4.1]
23.8
184.4
409.7
622.0
Basket
10.4
0.8
11.2
Total
1.0
8.5
265.0
25.3
299.8
[4.1]
23.8
184.4
409.7
622.0
Other
1.0
4.8
5.8
0
3.6
3.6
Cultch
8.5
249.8
24.5
282.8
3.2
16.8
136.4
156.4
Basket
10.4
0.8
11.2
5.0
15.8
29.2
50.0
Total
1.0
8.5
265.0
25.3
299.8
0
11.8
32.6
165.6
210.0
Other
1.0
4.8
5.8
Cultch
8.5
249.8
24.5
282.8
No expansion
Basket
10.4
0.8
11.2
Total
1.0
8.5
265.0
25.3
299.8
Other
1.0
4.8
5.8
Cultch
8.5
249.8
24.5
282.8
No expansion
Basket
10.4
0.8
11.2
Total
1.0
8.5
265.0
25.3
299.8
*Other culture types include culture areas occupied by Coast’s intertidal nursery (4.8 acres), FLUPSY (0.04 acres), wet storage floats (0.04 acres) and
clam rafts (0.93 acres). These culture methods are not separately identified in this table.
**All existing culture would be removed.
[ ] Would not include culture, but part of the overlapping habitat is tidal channel. Planting is not proposed in these habitats, including a 10-ft buffer.

NonEelgrass

Alt. #4**

Alt. #3

Alt. #2

Alt. #1

Project

Subtidal
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Changes to Eelgrass Areal Extent

There is no predicted net change to eelgrass areal extent under the proposed Project, and because of
the similarity (or reduction) in proposed culture methods, a neutral impact is also predicted for
Alternatives 1 and Alternative 2. As described for the Project, potential changes to areal extent will be
verified through pre- and post- project eelgrass monitoring for both Alternatives 1 and 2. If changes
to the areal extent are observed, Coast will implement adaptive management to ensure eelgrass impacts
remain less than significant.
Alternative 3 would have no additional impacts to eelgrass because there is no proposed expansion of
oyster culture. Comparatively, construction impacts associated with Alternative 4 (No Project) would
likely result in a temporary loss of areal extent from the removal of shellfish gear if Coast is required
to immediately remove all shellfish gear without the implementation of conservation measures. If
phasing would occur for removal, then the effect to eelgrass would be similar in duration and intensity
to a planting or harvest event, which would have a short-term disturbance, with recovery anticipated
within a month. Phasing of gear removal would have to incorporate both phasing in terms of timing
and location so as not to disturb adjacent areas prior to recovery. In addition, in order to avoid longterm eelgrass impacts, the number of acres where removal occurs at any one time under Alternative 4
would have to be consistent with the acreages typically worked in Coast’s existing operation. In
existing culture, Coast typically works no more than 10 acres per week, assuming approximately 2
weeks per month of sufficiently low tides. At this rate, it would take approximately two years to
remove the shellfish culture in Humboldt Bay in a manner that would ensure limited, short-term
impacts to eelgrass habitat. If, however, permits could not be secured for this time period, and
immediate large-scale removal was required, effects to eelgrass could be more significant. However,
as long as areal extent is not affected and plenty of plants are within the area to provide seedling for
recovery, this perturbation can be considered a short-term impact. Large-scale impacts would likely
require monitoring to ensure that the duration of the impact to eelgrass is short-term.
Changes to Eelgrass Density

Gear and shellfish products associated with longline aquaculture can lead to shading, abrasion, and
desiccation of eelgrass blades. The type and concentration of gear can influence the level of this effect.
The primary differences in terms of potential impacts to eelgrass density between the proposed
alternatives is the size of the expansion area and type of culture methods proposed for expansion (see
Table 6.5.16).
According to the best available science, expanding oyster culture using 10-ft spacing and a single-hung
design likely results in a long-term neutral effect to eelgrass (see discussion in IMPACT BIO-3).
Therefore, Alternative 1 is predicted to have no impact on eelgrass density. Alternative is predicted to
have the same impacts to eelgrass density as the Project, with a potential predicted reduction in eelgrass
density between 2.2% to 17.1%. Phase 3 would have no impact on eelgrass density because there is
no expansion proposed. Finally, Alternative 4, if culture removal performed with a frequency and
intensity that is consistent with typical planting and harvesting activities, would only have short-term
impacts to eelgrass density. Recovery from these activities would be within a month.
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Changes to Other Habitat Concerns

As discussed for the Project, the three other habitat parameters associated with shellfish aquaculture
in Humboldt Bay include: (1) sediment distribution and tidal circulation, (2) water quality, and (3)
sediment quality. Changes to these other habitat parameters, by alternative, are summarized in
Table 6.5.17.
In general, there are very few differences between the Project, Alternative 1, and Alternative 2 in terms
of potential impacts to other habitat parameters. Alternative 3 would have the least impact as no
change is proposed from existing operations. Alternative 4 would generally have a greater magnitude
but shorter duration impact (depending on permit restrictions and timing of removal). The primary
difference between Alternative 4 (No Project) and other Alternatives, would be the potential impact
on nutrient loading and availability, particularly on nitrogen and phosphorus from existing non-point
sources of pollution (e.g., cattle ranches and stormwater runoff) within the watershed. Nitrogen
removal is one of the main ecosystem services provided by cultured shellfish. Cultured shellfish
mitigate for non-point pollution sources through filtration, nitrogen sequestration, and total removal
of nutrients from the system during harvest of the shell and tissue where the nutrients are sequestered
(Newell et al. 2002, Newell 2004, Kellogg et al. 2013). For example, based on nitrogen sequestration
values presented in Higgins et al. (2011), the harvest of approximately 2,700 tons of oysters annually
by Coast results in the direct removal of approximately 219 tons nitrogen 15. However, it should be
noted that a harvest represents oysters that have been growing in the bay for 18 to 36 months, so this
amount of nitrogen sequestration is based on the sequencing of harvest operations over a 300-acre
area and roughly 2-yr grow-out cycle.
Potentially, these values may be even greater. A recent paper by Kellogg et al. (2013) partially
quantified the removal of nutrients from the water column at a subtidal oyster reef restoration site
compared to an adjacent control site in the Choptank River within Chesapeake Bay, Maryland. The
authors indicated that denitrification rates at the oyster reef in August were “among the highest ever
recorded for an aquatic system.” In addition, a significant portion of the available nitrogen and
phosphorous (47% and 48% of total standing stock, respectively) were sequestered in the shells of
live oysters and mussels. Newell (2004) commented that bioextraction (e.g., shellfish harvest or
macroalgae harvest) represents the only method of nitrogen removal once it has entered the system,
which can then make that system more resilient to nutrient loading. Loss of the nutrient removal
function performed by cultivated shellfish, especially in relation to the mitigation of upland sources
of nutrients, could lead to eutrophication in parts of Humboldt Bay. Notably, Humboldt Bay isn’t
currently eutrophied, which may be at least partly due to existing cultured shellfish in the bay.
However, this has not been studied.

15

This conclusion is based on 7.9% nitrogen in oyster tissue and 0.2% nitrogen in oyster shell (Higgins et al. 2011).
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Table 6.5.17 Summary of Impacts to Other Habitat Concerns by Alternative.
Alternative
•

Project

Alt. 1
(10-Foot
Single-Hung)
Alt. 2 (Reduced
Acreage)

•

•
•

•
•

Sediment Distribution and Tidal
Circulation
Some evidence of increased
sedimentation associated with gear but,
overall, changes do not appear to result
in seabed elevation changes.
Lack of evidence that longlines
significantly change sediment
distribution, especially for culture within
eelgrass habitat which already alters
circulation and flows.
Rack-and-bag changes would be the
same in areas without eelgrass.
Similar to changes above, although a
single-hung design would have less
influence on the bottom boundary layer.
Same as Phase I of the Project.
Reduced effects from reduced presence
of gear overall.

Water Quality
•

•

•

•
•
•
•

Alt. 3 (Existing
Footprint)

Potential to reduce turbidity/sequester
•
nutrients, but likely small compared to input
into the system.
Potential increase in oil spills or engine failures
•
if the number of boats increases with
operations, but Conservation Measures in
place to avoid potential release of
contaminants.

Some changes to sediment
nutrients but not to the level
that results in significant
changes to sediment quality.
Circulation and energy in the
system provides circulation of
sediments.

Less potential to improve water quality with a
lower density of organisms, but effect is still
considered small compared to the input into
the system.
The same potential for oil spills would exist.
Same as Phase I of the Project.
Reduced effects from reduced presence of
gear overall.
Reduced potential for oil spills.

•

A reduction in the density of
organisms would reduce the
potential for any one area to
accumulate organics.

•
•

Same as Phase I of the Project.
Reduced effects from reduced
presence of gear overall.

Removal of existing culture would remove the •
potential filtration capacity in the system and
presence of an industry that is dependent on
good water quality in the bay.
Removal of existing culture would eliminate
potential hazardous material spills by
removing vessels associated with the culture
operations.

There would not be as many
nutrients being deposited into
the sediment, which could
affect benthic-pelagic coupling,
but would likely not result in
significant changes.

No change beyond baseline conditions.
•

Alt. 4
(No Action)

Sediment Quality

•

Removal of gear would reduce the
amount of structure in North Bay that
could potentially affect sediment
distribution and circulation.
Some areas may be more subject to
sediment distribution without the
structure in place because of the loss of
wave dampening from the longlines.
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Many researchers have identified water clarity as the most important factor limiting eelgrass
distribution and abundance (Fonseca and Bell 1998, Cho and Poirrier 2005, Fonseca and Malhotra
2006). Similarly, Burkholder et al. (2007), have documented nutrient enrichment (eutrophication) as a
major cause of degradation of water clarity and loss of seagrass (including eelgrass) habitat in estuaries.
By consuming phytoplankton and particulate organic matter, shellfish increase the amount of light
reaching the sediment surface that is available for photosynthesis (Koch and Beer 1996). The loss of
shellfish under the No Project Alternative could affect the spatial distribution of eelgrass habitat.
However, the potential for cultured shellfish to improve conditions in West Coast estuaries may be
limited (e.g., Dumbauld et al. 2009), and the benefits provided by shellfish in Humboldt Bay have not
been studied. Moreover, while the presence of bivalves can result in positive changes to water quality,
this impact is likely small compared to the inputs in the system.
Alternative 4 may also negatively impact water quality because it would mean the loss of a substantial
advocate for clean water in Humboldt Bay. Coast and other shellfish growers rely on good water
quality to produce a safe, high-quality product and are strongly incentivized to take action to improve
water quality and minimize threats to water quality posed by anthropogenic activities (Dewey et al.
2011). For example, Coast has done the following to advocate for and improve water quality:
•

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

•

Participate and provide input on regulatory updates to ensure that high water quality standards
are included in local, state, and federal policies.

•

Lobby state and federal legislatures for improvements to water quality and to develop water
quality standards.

•

Maintain ownership or leases of large aquatic areas, thereby eliminating the risk of
development or other environmentally deleterious uses.

•

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

•

Donate to local and state organizations (e.g., Humboldt Baykeeper) to improve water quality
conditions within the estuaries where shellfish aquaculture occurs.

•

Active engagement in efforts to quickly remediate and clean up oil spills and other hazardous
waste sites to protect water quality and the health of shellfish (e.g., Coast Seafood’s partnership
with the Humboldt Bay Harbor, Recreation, and Conservation District and the Environmental
Protection Agency to remediate and remove toxic hazardous wastes from a former pulp mill
site).
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6.5.9.2

Impacts to Benthic Communities

Impacts to benthic communities, both invertebrate resources and fish distribution, were discussed in
the impact sections above according to: (1) changes to species composition, (2) trampling effects,
(3) introduction of non-indigenous species (NIS) and fouling organisms, and (4) establishment of nonnative bivalves. The differences between these four impacts are summarized, by alternative, in
Table 6.5.18.
As above, Alternative 4 (No Project) represents the highest potential for change to the benthic
communities in Humboldt Bay. One of the best studies on the impacts of removal of oyster
aquaculture examined the changes from removal of an oyster cultivation operation in Tapong Bay
(Lin et al. 2009). The operations included rack-and-bag culture in a eutrophic and poorly flushed
lagoon (flushes in between 8 and 13 days). In comparison, Humboldt Bay is a well-flushed system
(flushes between 2.5 and 14 days, see Appendix G). Through mass-balance trophic model simulations
and field sampling, removal of the aquaculture operation was shown to result in a substantial increase
in phytoplankton and zooplankton biomass and decrease in benthic infaunal biomass. The increased
abundance of plankton resulted in greater detritus accumulations from undigested material. Oyster
removal also resulted in a decrease in herbivorous and zooplanktivorous fish (e.g., forage fish), and an
increase in detritivorous fish (e.g., sculpin, flatfish). Removal of oyster culture in North Bay would
likely result in changes to the fish community associated with removal operations, including essential
forage fish that can use shellfish aquaculture as nursery and feeding habitat. While the system would
eventually find a new equilibrium, removal of an oyster operations that has been in North Bay for
over 80 years is likely to change the species that are supported in the system.
6.5.9.1

Impacts to Special Status Marine Aquatic Species

Aquaculture has the ability to affect biological resources in both negative and positive ways, with
effects having the capacity to influence primary and secondary productivity and community structure
(Simenstad and Fresh 1995). Manipulation of estuarine habitats to support aquaculture can disturb
endemic communities (Pillay 1992). However, disturbances associated with shellfish aquaculture are
typically infrequent and low intensity, which allows organisms to recover from or adapt to the changes
associated with aquaculture activities. More importantly, species within the intertidal zone are adapted
to a high degree of habitat variation and disturbance events (e.g., wind-wave action, storms). Most
importantly, a no-net-loss standard in eelgrass habitat will not change species use of these habitats.
The metrics used to estimate potential impacts to special status marine aquatic species was spatial
overlap with habitat types present in North Bay and potential human presence/frequency of
disturbance. Potential impacts, by alternative, are summarized for special status marine aquatic species
in Table 6.5.19.
In general, conditions are similar between the Project, Alternative 1, and Alternative 2. The majority
of short-term impacts to special status species would be in Alternative 4 during gear removal activities.
As above, this is due to the intensity and frequency of disturbance, which could be alleviated with
phasing. After gear removal, the system would be allowed to return to a new equilibrium.
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Table 6.5.18 Summary of Impacts to Benthic Communities by Alternative.
Alternative

Species Composition
•

Project

Alt. 1
(10-Foot
Single-Hung)

According to food-web modeling •
(e.g., Leguerrier et al. 2004), the
system remained stable even
when rack-and-bag culture was
doubled (up to 1,265 acres).

Introduction of NIS and Fouling

The frequency and
•
intensity of disturbance is
minor and a fraction of
the amount of activity in
•
one area compared to
locations where effects
are reported in the
literature.

Given management conditions,
minimal likelihood for introduction
of NIS.

•

Slight changes in species
composition, but not likely to
result in population shifts of
species.

•

A similar amount of structured
habitat would be provided,
although with a lower density of
organisms.

•

Intensity within one area
would be similar to the
Project.

•

The overall acreage would
decrease from the Project, as
would the potential to alter
species composition.

•

Intensity within one area •
same as the Project, and
frequency within subtidal
channels would decrease.

Alt. 2 (Reduced
Acreage)
Alt. 3 (Existing
Footprint)

Alt. 4
(No Action)

Trampling

•

Fouling can be a benefit to fish and
wildlife species foraging from the
organisms that colonize aquaculture
gear.

Establishment of Nonnative Bivalves
•
Water temperature
conditions naturally
limit conditions for
establishment.
•

Hydrology and lack of
suitable substrate
further reduces the
likelihood of
establishment.

Similar to the Project, although with
fewer attachment points for
colonization.

•

Same as Project.

Lower amount of gear in the water
would mean fewer places to
colonize.

•

Same as Project.

No change beyond baseline conditions.
•

Removal of gear would create a
new equilibrium in the system.

•

Species that benefit from the
habitat provided by shellfish
culture would be impacted.

•

•

Effects of trampling
likely temporary, but
intensity and frequency
could be greater than
typical operations.

Species impacted by shellfish
culture would benefit.
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•

Decreased risk of NIS introductions, •
even though management makes this
risk unlikely.

•

NIS would continue to be
introduced via shipping operations
associated with the marina, which is
the dominant form of introduction
into bays and estuaries.

The removal of nonnative oysters would
eliminate the potential
for populations to
naturalize in
Humboldt Bay, even
though this is
considered unlikely.
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Table 6.5.19 Summary of Impacts to Special Status Marine Aquatic Species by Alternative.
Alternative

Pacific Lamprey
•

•

Project

Alt. 1
(10-Foot
SingleHung)
Alt. 2
(Reduced
Acreage)

•

•
•

•

•

Alt. 3
(Existing
Footprint)

Sturgeon

Salmonids

Longfin Smelt

Marine Mammals

Aquaculture overlaps
•
with 8.4% of all habitat
types.
33.9% increase in boat •
hours* (+74 hours).
LTS impacts to habitat, •
prey resources, or
migration corridor.

Aquaculture overlaps
•
with 0.7% of
unstructured habitat.
33.9% increase in boat •
hours* (+74 hours).
LTS impacts to habitat, •
prey resources, or
migration corridor.

Aquaculture overlaps
•
with 8.4% of all habitat
types.
33.9% increase in boat •
hours* (+74 hours).
LTS impacts to habitat, •
prey resources, or
migration corridor.

Aquaculture overlaps
•
with 8.4% of all habitat
types.
33.9% increase in boat
hours* (+74 hours).
LTS impacts to habitat, •
prey resources, or
•
migration corridor.

Same amount of
overlap and boat use.
Reduction in amount
of gear in the water
column.
Aquaculture overlaps
with 2.9% of all habitat
types.
31.2% increase in boat
hours* (+68 hours).

Same amount of
overlap and boat use.
Reduction in amount
of gear in the water
column.
Aquaculture overlaps
with 0.3% of
unstructured habitat.
31.2% increase in boat
hours* (+68 hours).

Same amount of
overlap and boat use.
Reduction in amount
of gear in the water
column.
Aquaculture overlaps
with 2.9% of all habitat
types.
31.2% increase in boat
hours* (+68 hours).

Same amount of
overlap and boat use.
Reduction in amount
of gear in the water
column.
Aquaculture overlaps
with 2.9% of all habitat
types.
31.2% increase in boat
hours* (+68 hours).

•
•

•

•

•
•

•

•

•
•

•

•

•
•

•
•

Aquaculture overlaps
with minor increase in
overwater structure and
use of channels for
transit.
33.9% increase in boat
hours* (+74 hours).
LTS impacts to habitat,
prey resources, or
migration corridor.
Same amount of overlap
and boat use.
Reduction in amount of
gear in the water
column.
Same amount of
overwater habitat.
31.2% increase in boat
hours* (+68 hours).

No change beyond baseline conditions.

No overlap of potential •
habitat.
Alt. 4
•
No human presence
•
(No
associated with
Action)
aquaculture activities
following removal of
gear.
LTS = less than significant
•
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A major potential long-term change would be from removal of structured habitat. Coen et al. (2007)
reported that oyster reefs provided more interstitial spaces for predator refugia and increased fitness
due to the presence of suitable prey items. Dealteris et al. (2004) reported that shellfish gear supported
native species of recreationally and commercially important fish and invertebrates in their early life
history stages. Food-web modeling of intertidal oyster culture at much higher densities than is
proposed for the Project (e.g., Leguerrier et al. 2004) also support the conclusion that off-bottom
culture could benefit fish due to an enhanced food supply. Finally, Castel et al. (1989) indicated that
the presence of oysters on rack-and-bag structures augmented meiofauna biomass. The authors also
reported a reduction in macrofaunal abundance associated with the racks, but indicated that this may
have been a product of increased predation, which benefited the slightly larger organisms (e.g., fish
and birds) rather than the benthic invertebrates present in the sediment. Removal of shellfish
aquaculture gear would remove this additional provision of prey resources that support fish and
wildlife in Humboldt Bay. While there is no indication that food resources are limited in the bay, and
the system would find a new equilibrium, the loss of structured habitat would result in at least an initial
reduction.
6.5.9.2

Impacts to Commercially Important Aquatic Marine Species

Similar to the potential impacts to special status species, impacts to commercially important aquatic
marine species can be both positive and negative. Potential impacts, by alternative, are summarized
for commercially important aquatic marine species in Table 6.5.20. No alternatives were identified as
resulting in potential impacts to commercially important aquatic marine species. As above, gear
removal has the most potential for disturbance during the timeframe that activities occur and change
to forage potential in North Bay. The system would reach a new equilibrium following gear removal
activities.
6.5.10 Effects Analysis of the Alternatives – Avian Resources
Effects to eelgrass and other biological resources that use eelgrass habitat also affect avian resources.
This section discusses the effects to birds that use the various habitats in North Bay by alternative.
6.5.10.1

Impacts to Special-Status Bird Species

Aquaculture may affect special-status birds in a variety of ways including human disturbance, affects
to prey resources (both increases and decreases), and alteration of foraging areas. Potential impacts
are outlined in detail in section 6.5.4. A summary of impacts to special-status birds is outlined in
Table 6.5.21 below.
6.5.10.2

Impacts to Other Birds

Similar to impacts to special-status species, potential impacts to birds without special status include
human disturbance, affects to prey resources (both increases and decreases), and alteration of foraging
areas. Potential impacts to other birds are outlined in detail in section 6.5.4. A summary of impacts to
other birds is outlined in Table 6.5.22 below.
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Table 6.5.20 Summary of Impacts to Commercially Important Marine Aquatic Species by Alternative.
Alternative

Dungeness Crab
•

Project

Alt. 1
(10-Foot
SingleHung)
Alt. 2
(Reduced
Acreage)

•
•

Aquaculture overlaps with 8.4% of all
habitat types.
33.9% increase in boat hours*
(+74 hours).
LTS impacts to habitat, prey resources,
or migration corridor.

Pacific Herring
•

•
•

•
•

Same amount of overlap and boat use.
•
Reduction in amount of gear in the water •
column.

•

Aquaculture overlaps with 2.9% of all
habitat types.
31.2% increase in boat hours*
(+68 hours).

•

Alt. 3
(Existing
Footprint)

•

•

Groundfish

Aquaculture overlaps with 15.6% of
•
eelgrass habitat. No spawning habitat
•
limitation.
33.9% increase in boat hours*
•
(+74 hours).
LTS impacts to habitat, prey resources, or
migration corridor.
Same amount of overlap and boat use.
•
Reduction in amount of gear in the water •
column.

Aquaculture overlaps with 8.4% of all
habitat types.
33.9% increase in boat hours*
(+74 hours).
LTS impacts to habitat, prey resources, or
migration corridor.

Aquaculture overlaps with 5.2% of
eelgrass habitat, although more along the
margins and in patchy eelgrass.
31.2% increase in boat hours*
(+68 hours).

Aquaculture overlaps with 2.9% of all
habitat types.
31.2% increase in boat hours*
(+68 hours).

•
•

Same amount of overlap and boat use.
Reduction in amount of gear in the water
column.

No change beyond baseline conditions.

No overlap of aquaculture with potential •
Alt. 4
habitat.
•
No human presence associated with
•
(No
aquaculture activities following removal
Action)
of gear.
LTS = less than significant
•
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Table 6.5.21 Summary of Impacts to Special Status Bird Species by Alternative.
Alternative

Marbled Murrelet
•
•

Project

Alt. 1
(10-Foot
SingleHung)

•
•

•

•

Alt. 2
(Reduced
Acreage)

•
•
•

Alt. 3
(Existing
Footprint)

Aquaculture does not overlap •
potential habitat (channels).
33.9% increase in boat hours
(+74 hours).
•
LTS impacts from human
disturbance (with avoidance). •
LTS impacts to habitat, prey
resources, or migration
corridor.

Aquaculture does not overlap
potential habitat (open, sandy
beaches).
LTS impacts from human
disturbance (with avoidance).
LTS impacts to habitat, prey
resources, or migration
corridor.

Same amount of overlap and
boat use.

Same amount of overlap and
boat use.

•

Aquaculture does not overlap •
potential habitat (channels).
31.2% increase in boat hours
•
(+68 hours).
LTS impacts from human
•
disturbance.
LTS impacts to habitat, prey,
or migration corridor.

California Brown Pelican
•

•
•
•

•
•

Aquaculture does not overlap •
potential habitat (open, sandy
•
beaches).
LTS impacts from human
disturbance (with avoidance).
LTS impacts to habitat, prey
resources, or migration
corridor.

Black Brant

Aquaculture overlaps with
8.4% of potential habitat (all
habitat types).
33.9% increase in boat hours
(+74 hours).
LTS impacts from human
disturbance (w/ avoidance).
LTS impacts to habitat, prey
resources, or migration
corridor.

•

Same amount of overlap and
boat use.
Reduction in amount of gear
in the water column.
Aquaculture overlaps with
2.9% of all habitat types.
31.2% increase in boat hours
(+68 hours).

•

•
•
•
•

•
•

•

Aquaculture overlaps with 15.6% of
potential foraging habitat (all habitat
with patchy or continuous eelgrass).
Potential 3% eelgrass biomass
reduction.
33.9% increase in boat hours (+74
hours).
LTS impacts from human
disturbance (with avoidance).
LTS impacts to habitat, prey
resources, or migration corridor.
Same amount of overlap and boat
use.
Reduction in amount of gear in the
water column.
Aquaculture overlaps with 5.2% of
potential foraging habitat (all habitat
with patchy or continuous eelgrass).
31.2% increase in boat hours (+68
hours).

No change beyond baseline conditions.
•

Alt. 4
(No
Action)

Western Snowy Plover

•

No overlap of potential
habitat.
No human presence
associated with aquaculture
activities after gear removal.

•
•

No overlap of potential
habitat.
No human presence
associated with aquaculture
activities after gear removal.

•
•

No overlap of potential
habitat.
No human presence
associated with aquaculture
activities after gear removal.

•
•

No overlap of potential habitat.
No human presence associated with
aquaculture activities after gear
removal.

LTS = less than significant
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Table 6.5.22 Summary of Impacts to Other Birds by Alternative.
Alternative

Roosting Birds
•
•

Project

•
•
•

Alt. 1
(10-Foot
SingleHung)
Alt. 2
(Reduced
Acreage)

•

•
•

Alt. 3
(Existing
Footprint)
Alt. 4
(No
Action)

Aquaculture overlaps with 8.4% of
potential habitat (all habitat types)
33.9% increase in boat hours
(+74 hours).
Beneficial increase in roosting
structures.
LTS impacts from human
disturbance.
LTS impacts to prey resources, or
migration corridor.
Same amount of overlap and boat
use.

American Wigeon and Other
Waterfowl
No overlap of potential
•
Aquaculture overlaps with
habitat.
8.4% of potential habitat (all
LTS impacts from human
habitat types).
disturbance (with
•
33.9% increase in boat hours
avoidance).
(+74 hours).
LTS impacts to habitat,
•
LTS impacts from human
prey resources, or
disturbance.
•
LTS impacts to habitat, prey
migration corridor.
resources, or migration
corridor.
Same amount of overlap
•
Same amount of overlap and
and boat use.
boat use.
•
Reduction in amount of gear
in the water column.
No overlap of potential
•
Aquaculture overlaps with
habitat.
2.9% of all habitat types.
31.2% increase in boat
•
31.2% increase in boat hours
hours (+68 hours).
(+68 hours).
Nesting Birds

•
•

•

•

Aquaculture overlaps with 2.9% of •
potential habitat (all habitat types)
31.2% increase in boat hours
•
(+68 hours).

Migratory Shorebirds
•
•
•
•

•
•
•
•

Aquaculture overlaps with 8.4% of
potential habitat (all habitat types)
33.9% increase in boat hours (+74
hours).
LTS impacts from human
disturbance (with avoidance).
LTS impacts to habitat, prey
resources, or migration corridor.
Same amount of overlap and boat
use.
Reduction in amount of gear in
the water column.
Aquaculture overlaps with 2.9% of
all habitat types.
31.2% increase in boat hours (+68
hours).

No change beyond baseline conditions.
•
•

No overlap of potential habitat.
No human presence associated
with aquaculture activities
following removal of gear.

LTS = less than significant

Coast Seafoods Company
Recirculated Draft EIR

•
•
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•
habitat.
No human presence
•
associated with
aquaculture activities
following removal of gear.
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No overlap of potential
habitat.
No human presence
associated with aquaculture
activities following removal
of gear.

•
•

No overlap of potential habitat.
No human presence associated
with aquaculture activities
following removal of gear.
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Aesthetic and Visual Resources
This section describes present and possible future conditions of visual resources in the Project area.
The significance of effects on visual resources is defined by CEQA Appendix G criteria, based on
standards found in the California Coastal Act, and on policies within the Humboldt County General
Plan, Local Coastal Program, and its supporting documents.
Existing Conditions
Visual resources and scenic views occur in a diverse array of environments in the Humboldt Bay area,
ranging in character from views of all-natural aesthetic features to views that mainly consist of the
built environment. As stated in the Natural Resources and Hazards Report (DBURP 2002), scenic
resources in Humboldt Bay include “coastline views, mountains, hills, ridgelines, inland water features,
forests, agricultural features, idyllic rural communities,” and combinations of these features. The many
streams, sloughs and one small river (Elk River) that empty into Humboldt Bay provide a land/water
interface that is generally visually appealing. Views of the natural aquatic environment provide much
of the bay’s visual quality, including views of areas such as the National Wildlife Refuge Complex, the
City of Arcata’s Marsh and Wildlife Sanctuary, and the Department of Fish and Wildlife Areas. Many
views that combine natural and built components also have scenic appeal, such as the marina views
of Woodley Island, and views of the bay environment from locations such as the City of Eureka’s Old
Town Boardwalk and Waterfront Trail. The former pulp mill is a conspicuous industrial element on
the North Spit (HBMP DEIR 2006).
Specific to the Project, scenic resources of interest are Humboldt Bay and coastal area views. State
Highway 101, along the eastern shore of Arcata Bay, is eligible for designation as a State Scenic
Highway and there are numerous scenic vistas from both the shores and surface waters of Humboldt
Bay. The built environment that is visible from the Project area includes industrial development,
billboards, residential housing, wharfs/marinas, pilings, bridges, mariculture, roads, highways,
farmland, and ranch land.
Present visual resource conditions are described in numerous documents including:
•
•
•
•
•

Humboldt County General Plan, Volume II, Humboldt Bay Area Plan of the Humboldt
County Local Coastal Program. Certified 1982, Revised December 2014. Humboldt County
Department of Community Services Development.
Humboldt County General Plan, Update Natural Resources and Hazards Report. 2002. Dyett
& Bhatia Urban and Regional Planners.
Humboldt County Local Coastal Plan, Issue Identification Report. September 2003.
Humboldt County Planning and Building Department.
Humboldt Bay Management Plan Draft EIR. April 2006. Humboldt Bay Harbor, Recreation
and Conservation District (HBMP DEIR 2006).
Humboldt Bay Management Plan. 2007. Humboldt Bay Harbor, Recreation and Conservation
District.
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Pertinent Laws and Regulations
The Humboldt Bay Area Plan of the Humboldt County Local Coastal Program (Volume II of the
Humboldt County General Plan) contains the following Visual Resources Protection policies (HBAP
Section 3.40.B) relevant to the proposed Project:
Physical Scale and Visual Compatibility (3.4.B.1). No development shall be approved that is
not compatible with the physical scale of development as designated in the Area Plan and zoning
for the subject parcel; and the following criteria shall be determinative in establishing the
compatibility of the proposed development.
Protection of Natural Landforms and Features (3.4.B.2). Natural contours, including slope,
visible contours of hilltops and treelines, bluffs and rock outcroppings, shall suffer the minimum
feasible disturbance compatible with development of any permitted use.
Coastal Scenic Area (3.4.B.3). In the Coastal Scenic Area designated in the Area Plan Map
(Indianola area), it is the intent of these regulations that all developments visible from Highway
101 be subordinate to the character of the designated area.
Coastal View Areas (3.4.B.4). In Coastal View Areas as designated in the Area Plan, it is the
intent of these regulations that no development shall block coastal views to the detriment of the
public.
Highway 101 Corridor (3.4.B.5). The following Scenic Highway Element goals outlined in the
County’s 1984 Framework Plan remain relevant for local scenic roadways:
•
•
•
•

To establish a system of scenic routes.
To conserve scenic views observable from the routes.
To provide multiple recreational uses on publicly owned lands adjacent to the routes.
To recognize the dual scenic and economic value of lands planned for the growing and
harvesting of timber, and agricultural products.

Natural Features (3.4.B.8). Significant natural features within the Humboldt Bay Planning Area,
and specific protection for retention of these resources are as follows: Arcata Bottoms,
Bottomlands between Eureka, and Arcata, South Spit, Table Bluff, Dune Forests along the North
Spit, Bottomlands along South Bay, and Ryan and Freshwater Sough.
Definition of Significance and Baseline Conditions
Significance criteria for effects on visual resources are defined in the CEQA checklist in combination
with the consideration of goals and policies contained within the Humboldt County General Plan and
its supporting documents.
According to CEQA, effects on visual resources are considered significant if the project:
1. Has a substantial adverse effect on a scenic vista.
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2. Substantially damages scenic resources, including trees, rock outcroppings, and historical
buildings within a state scenic highway.
3. Substantially degrades the existing visual character or quality of the site or surroundings.
4. Creates a new source of substantial light or glare.
In the Humboldt County General Plan and its supporting documents, additional criteria to determine
significance are proposed. According to the Humboldt County General Plan, effects on visual
resources are considered significant if the project:
•
•
•
•
•

Disturbs physical scale and visual continuity.
Does not protect natural landforms and features.
Is within a Coastal scenic area, is “visible from Highway 101” and causes change that is not
“subordinate to the character of the designated area…”.
Results in vegetation clearing that is not minimized.
Results in development of these resources: Arcata Bottoms, Bottomlands between Eureka
and Arcata, South Spit, Bottomlands around South Bay, Ryan and Freshwater Slough, Eel
River and associated riparian vegetation, Eel River estuary bottomlands. 1

The term “visual quality” refers to the character, condition, and quality of a scenic landscape, vista
point, natural or built environment, scenic roadway, or other significant or unique visual feature within
a viewshed, as well as how such “visual resources” are perceived and valued by the public. A
“viewshed” is the area within the field of view of an observer, and this term is used to describe the
extent of a scenic resource. The extent of a viewshed can be limited by a number of intervening
elements, including structures, topography, and vegetation (HBMP DEIR 2006).
In general, most forms of visual quality assessments consider such attributes as unity or cohesion,
intactness, context, variety, uniqueness, and vividness (the overall qualities of the view); and texture,
color, contrast, line, mass, and scale (descriptive elements). Variables associated with the users or
observers are also considered, including the distance from the observer to the visual features, the
observer’s position or angle of view, the duration of the view, the time of season, whether it is day or
night, and the observer’s expectations and background (HBMP DEIR 2006).
Effects Analyses of the Proposed Project
Visual effects from the proposed Project would include changes in visual character to the Project area
due to the presence of mariculture workers and vessels and the addition of shellfish culture equipment
and cultured shellfish to intertidal and subtidal locations in Humboldt Bay.
IMPACT AV-1: Effect on scenic vistas and visual character from worker and vessel
presence.
Increased activity on the bay as a result of the Project may temporarily impact the visual character of
the proposed intertidal expansion sites. The Project would increase the area of culture activities
adjacent to current growing areas and a small amount of additional boats and crew would be necessary
Aquaculture uses are an exception to this standard; aquaculture uses are permitted in lands zoned for Natural
Resources (NR) and Coastal Wetlands (W) by the County (Humboldt County Code §§ 313-5.4, 313-38).

1
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to maintain and operate the expansion area. However, the frequency of site visits to any one bed for
planting, harvesting and maintenance activities is not expected to change.
In addition, the proposed intertidal expansion areas are located at least 0.5 miles from the nearest
transportation corridor/public viewshed. Due to this distance from shore, the appearance of workers
at these intertidal sites would be subordinate to the extensive saltmarsh, mudflat, and water between
observers and subjects, rendering the workers and vessels difficult to see. Growing Areas 1, 2, and 3
(see Figures 3.1 & 4.4) would be most visible to passing motorist, bicyclists, and pedestrians on the
Samoa Bridges. However, the Highway 255 Samoa Bridges cross major navigation channels with
frequent recreational, commercial and aquaculture boat use. Other shellfish culture and industrial areas
are also viewable from this portion of Highway 255. The presence of vessels and shellfish culture
workers is not expected to negatively impact scenic vistas or visual character because the workers and
vessels are very small in scale compared to the expansive tidal areas, and these uses are consistent with
what already occurs and is expected in these areas of Humboldt Bay. The visual effect of increased
worker and vessel traffic would be a minor change from current conditions and is a less than significant
impact.
The eight-bin expansion proposed for Coast’s subtidal FLUPSY site is not expected to result in an
increase in boat traffic or culturist activity on the bay. While the FLUPSY will be visited by work crews
on a daily basis, there is already daily human activity in and around the water in the FLUPSY’s vicinity.
IMPACT AV-2: Effect on scenic vistas and visual character from shellfish culture
equipment presence.
The Project would expand shellfish culture operations within Coast’s existing leased footprint in and
around areas that Coast already uses for shellfish cultivation. Portions of the proposed intertidal
expansion areas removed from Coast’s current culture footprint would appear similar to current
activities on the bay, including adjacent areas. Under existing conditions, there are stakes, markers,
rafts, and other aquaculture equipment visible from various public vantage points, including Highway
255 around Mad River Slough, the Manila area, Samoa Bridges, and the Eureka-Arcata Highway 101
corridor.
The shellfish culture equipment to be placed in intertidal expansion sites would be similar in scale and
materials to existing equipment in the bay. Longline culture areas have linear features that often appear
slightly darker than the surrounding tidal substrate, depending on the angle of the observer, time of
day, tides, and sunlight glare. However, mariculture equipment has a low profile—elevated above the
substrate by 1 ft (cultch-on-longline) to 26 or 40 inches (basket-on-longline)—and blends in to the
surrounding environment unless viewed up close. Representative photographs showing the low visual
profile of cultch- and basket-on-longline culture are presented in Figures 6.6.1 and 6.6.2.
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Figure 6.6.1 Photograph of basket-on-longline oyster culture at Coast’s farm in Humboldt
Bay, California.

Figure 6.6.2 Photograph of cultch-on-longline oyster culture with
mariculture workers.
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In addition, all existing and proposed growing areas are located at least 0.5 miles from nearby
Highways (Highway 101, Highway 255), making them difficult to see from shore. From this distance,
the view of shellfish culture equipment at the intertidal sites would be subordinate to the extensive
saltmarsh and mudflat features in the bay thereby rendering them difficult to see from typical vantage
points (see Figures 6.6.3 – 6.6.7). Intertidal culture equipment would also only be visible when exposed
by low tides—an average of 13% of the time for the Phase I expansion area culture and 18% for the
Phase II expansion area culture (see Table 6.5.12). During high tides, the culture equipment will be
submerged and invisible.

Figure 6.6.3 Photographs depicted in Figures 6.6.4-6.6.7 were taken from the public
vantage points marked above (Photograph Locations 1, 2, 3 and 4).
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Existing culture areas

Figure 6.6.4 View from Highway 255 on Indian Island (Photograph Location 1).

Existing culture area

Figure 6.6.5 View from Highway 255 south of Manila (Photograph Location 2).

Coast Seafoods Company
Recirculated Draft EIR

6.6-7

Humboldt Bay Harbor District
July 2016

Figure 6.6.6 View from Highway 255 near Mad River Slough (Photograph Location 3).
Existing culture is not visible from this vantage point.

Figure 6.6.7 View from Arcata-Eureka Highway 101 corridor (Photograph Location 4).
Existing culture is not visible from this vantage point.
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As shown in the above photographs, which were taken at low tide, culture equipment cannot be seen
from many public vantage points around the bay and visibility is affected by light conditions, angle of
the sun, tides, and position of the observer. Additionally, views of shellfish culture operations are
common in Humboldt Bay and consistent with the current visual character of the area. The views and
visual profile of the bay from the above public vantage points (Photograph Locations 1-4) are not
expected to change significantly as a result of the Project.
IMPACT AV-3: Effects of glare and artificial lighting.
The infrastructure proposed for placement in the intertidal areas would not be constructed of materials
which produce substantial amounts of glare. Nighttime work occurs during existing culture operations
in order to take advantage of low tides and would continue under the proposed Project. Nighttime
work on the Project would involve the use of LED or high-pressure sodium work lights on boats and
personal illumination devices such as headlamps and flashlights used by workers. Work lights on boats
illuminate an area approximately 50 yards around the boat.
Lighting used during nighttime site visits would be at least 0.5 miles from shoreline viewers; therefore,
the effect would be negligible. People on the bay (i.e., boaters) at night would be exposed to the lights
at a closer distance, but the increased lighting would generally improve boating safety, and views would
not be adversely affected. Moreover, as with daytime site visits, nighttime site visits with lights are
temporary—harvest boat trips last between 4-6 hours and site visits by smaller boats last
approximately 4 hours (Tables 4.4, Project Description). The frequency of visits to any one site is also
limited, with the majority of the proposed expansion area (cultch-on-longline) receiving only
approximately 1 visit per month in between planting and harvesting (Tables 4.2 and 4.3, Project
Description). The visual effect of additional lighting used during nighttime operations is therefore
considered less than significant.
No additional lights are contemplated as a result of the FLUPSY expansion.
Conservation Measures
This section identifies specific Conservation Measures that have been incorporated into the Project
by Coast and are intended to ensure that the Project maintains a high standard that is environmentally
responsible. Given their critical importance in ensuring that significant impacts are avoided,
Conservation Measures are treated similarly to Mitigation Measures and will be included in the
Mitigation and Monitoring Plan for the Final EIR. The Project incorporates the following
Conservation Measure to ensure that potential impacts to visual resources are minimized to the extent
practicable.
Conservation Measure AV-1: Reflective materials such as shiny metals will not be used.
In addition, Mitigation Measure BIO-3, adopted to minimize the Project’s potential impacts to avian
resources and marine mammals, requires that longlines be installed at a maximum height of 1 foot
(cultch) and 40 inches (basket) from the substrate, making them visually unobtrusive and difficult to
distinguish when viewed at a distance.
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Level of Significance Before Mitigation
With incorporation of the Conservation Measure AV-1, and because culture equipment is lowprofile and part of the existing visual landscape, IMPACTS AV-1, AV-2, and AV-3 are considered
less than significant without mitigation.
Mitigation Measures
No Mitigation Measures are necessary.
Level of Significance After Mitigation
Due to the low profile of the proposed intertidal shellfish culture equipment, which is invisible during
high tides, and because of the historic and expected presence of shellfish culture in North Bay,
IMPACTS AV-1, AV-2, and AV-3 would be less than significant without mitigation.
Effects Analyses of Alternatives
Alternative 1: 10-Foot Spacing Alternative
The potential visual and aesthetic impacts associated with Alternative 1 would be similar to those
described above. As with the Preferred Alternative, the culture equipment proposed is in keeping with
the current visual landscape and the expanded culture areas would be at least 0.5 miles from public
vantage points and roadways. From this distance, views of the additional culture areas would be
subordinate to the extensive saltmarsh and mudflat features in the bay. In addition, the use of 10-ft
spacing will make the longlines less visually intrusive from a distance, as there will be greater
opportunity to see undeveloped tidal flats between the longlines.
As with the Preferred Alternative, Alternative 1 also presents an increase in boat activity and human
presence on the bay that could impact scenic vistas and the visual character of the bay. Culturists and
boats would be visible on the bay with approximately the same frequency under Alternative 1 as under
the Preferred Alternative, however workers and boats associated with aquaculture are a frequent sight
on the bay and in keeping with the visual character of the area. Moreover, the frequency of visits to
any given bed will not change (e.g., monthly visits to cultch-on-longline beds for maintenance—see
Tables 4.2-4.4, Project Description).
For these reasons, IMPACTS AV-1, AV-2 and AV-3 are considered less than significant under
Alternative 1.
Alternative 2: Reduced Acreage Alternative
Alternative 2 would be less likely to impact visual resources than the Preferred Alternative due to the
smaller proposed expansion area (210 acres for Alternative 2 compared to 622 acres for the proposed
Project). The areas proposed for intertidal culture expansion would be the same as under Phase I of
the Project; however, the overall expansion acreage would be reduced as there would be no Phase II
expansion. Potential impacts associated with increases in culture equipment, worker presence, and
lighting would thus be very similar to those described above, but smaller in scale due to the reduced
project footprint. Therefore, the overall potential impact to visual resources would be less than under
the Preferred Alternative and, as with the Preferred Alternative, IMPACTS AV-1, AV-2 and AV-3 are
considered less than significant under Alternative 2.
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Alternative 3: Existing Footprint Alternative
Because Alternative 3 does not propose a change from baseline conditions, there would be no
significant impacts to visual resources. IMPACTS AV-1, AV-2 and AV-3 would thus be less than
significant under Alternative 3.
Alternative 4: No Project Alternative
Under the No Project Alternative, Coast’s existing permits would not be renewed and existing
infrastructure related to shellfish culture would be removed. There would be temporary impacts to
visual resources under the No Project Alternative during the time necessary to remove culture
equipment from the bay (3-6 months if Coast were required to remove everything immediately, and
18 months if oysters were allowed to grow to market size before harvest). While removal is taking
place, there may be more intense activity on the bay, including increased numbers of workers and
boats. Thereafter, no culture equipment, personnel or boats would be visible on the bay. IMPACTS
AV-1, AV-2 and AV-3 would thus be less than significant under Alternative 4.
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6.7 Air Quality
This section describes the regulatory framework under which air pollutant emissions are controlled
and the potential effects of the Project on air quality.
6.7.1 Existing Conditions
The Project area is located in the North Coast Air Basin (NCAB) and is under the jurisdiction of the
North Coast Unified Air Quality Management District (AQMD). The NCAB is in attainment of all
federal and state air quality standards except for particulate matter smaller than 10 microns in diameter
(PM 10 ) under California regulations. 1 PM 10 pollutants may be generated by transportation sources (tire
wear, emissions, etc.); by construction-generated dust or smoke; and by smoke from appliances like
woodstoves, barbecues, or fireplaces. PM 10 can be a health hazard, especially for children, the elderly,
and people with heart or lung disease.
6.7.2 Pertinent Laws and Regulations
A number of state and federal air quality laws and regulations are relevant to the proposed Project
including the Federal Clean Air Act and the California Air Pollution Control Law. In addition, the
AQMD has adopted a set of regulations governing air quality in the Project area. Specifically, AQMD
has adopted Regulation 1, which stipulates requirements for air quality management within the NCAB.
Further, AQMD’s Particulate Matter Attainment Plan adopts a number of control strategies for
achieving particulate matter reductions, including transportation control measures (intended to reduce
vehicular pollutant generation from all modes), land use measures, regulation of open burning, and
residential burning controls.
The Harbor District’s Humboldt Bay Management Plan also sets policy objectives relevant to the
Project, including the following:
•

HTM-1: Assure compliance with North Coast Air Quality Management District Rules for
Particulates.

6.7.3 Definition of Significance and Baseline Conditions
Significance criteria are those listed in the CEQA checklist. A project’s effects on air quality would be
significant if the project would:
1. Conflict with or obstruct implementation of the applicable air quality plan adopted by the
AQMD.
2. Contribute pollutants that would violate an existing air quality standard, or contribute
substantially to non-attainment of air quality objectives in the NCAB.
3. Produce pollutants that would result in a cumulatively considerable net increase of any
criteria pollutant for which the NCAB is in non-attainment.
4. Expose sensitive receptors to substantial pollutant concentrations.
5. Create odors that would affect a substantial number of people.
Compliance with air quality standards for criteria pollutants is based on attainment of relevant state or federal
standards. If any standard is not met, the pollutant is considered “non-attainment” for that standard.

1
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6.7.4 Effects Analysis of Proposed Project
The Project would create a small amount of emissions from two additional small boats that are
expected to be used for Project operations and up to 18 additional boat trips per week throughout the
bay (Table 4.4, Project Description). It would not create any substantial pollution concentrations or
objectionable odors. Additionally, there are no sensitive receptors or substantial numbers of people in
the Project vicinity.
IMPACT AQ-1: Contribution to PM10 levels.
Small boats associated with mariculture operations have combustion engines that generate particulate
matter. The Project is expected to involve the use of two additional small boats (one scow and one
skiff) to maintain culture areas: the skiff will make 5 additional 4-hour trips through the bay per week
and the Scow 10 additional 4-hour trips per week. The number of boat trips performed by Coast’s
harvest vessels (the Mary Elizabeth and Elusive) will also increase under the Project, from 7 per week
to 10 per week. In total, there will thus be an additional 18 boat trips throughout the bay per week (an
increase of 74 boat hours per week). As a result of increased boat traffic, there would be a minor net
increase in emissions of particulate matter from vessel engines. The Project would also involve a small
number of additional vehicle trips to and from Coast’s facilities as a result of additional truck trips to
accommodate increased production and additional employee trips associated with the between 60-70
additional employees Coast anticipates hiring. However, given the small size of the vessels at issue,
the limited quantity of vessels (2 additional boats; 11 total boats), and the limited number of additional
vehicle trips, Coast’s contribution to PM10 levels in Humboldt Bay is negligible.
6.7.5 Conservation Measures
There are no proposed Conservation Measures.
6.7.6 Level of Significance Before Mitigation
IMPACT AQ-1 is considered potentially significant without mitigation.
6.7.7 Mitigation Measures
The District lacks direct jurisdiction over air quality, and thus lacks direct authority to require
mitigation for potential air quality impacts. However, the AQMD regulates vessel engine emissions
pursuant to several air quality plans. In such circumstances, CEQA allows the lead agency to rely on
the regulatory oversight of responsible agencies carrying out statewide policy. Specifically, pursuant to
Section 15064(h) of the CEQA Guidelines, the District may rely on air quality management plans
promulgated by the AQMD, including the AQMD’s PM 10 Attainment Plan.
The following Mitigation Measure was thus identified to minimize the Project’s potential impacts on
air quality.
Mitigation Measure AQ-1: Coast shall comply with the requirements of all adopted air
quality plans, including plans covering particulate emissions, and shall implement all actions
required by the AQMD for Coast’s mariculture operations.
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6.7.8 Level of Significance After Mitigation
The District finds that Coast would not contribute to a cumulatively significant air quality impact if it
complies with the PM 10 Attainment Plan adopted by the AQMD and all attendant regulations
established thereto. Mitigation Measure AQ-1 would require Coast to comply with AQMD
regulations. Therefore, no significant and unavoidable adverse impacts relating to air quality remain
and IMPACT AQ-1 is considered less than significant.
6.7.9 Effects Analysis of Alternatives
Alternative 1: 10-Foot Spacing Alternative
In order to service the expansion area footprint under Alternative 1, Coast would increase the number
and frequency of boats on the bay by approximately the same amount as under the Project. Vehicle
trips are also expected to be approximately the same as compared to the Preferred Alternative. As
with the Project, with incorporation of Mitigation Measure AQ-1, IMPACT AQ-1 would be less than
significant under Alternative 1.
Alternative 2: Reduced Acreage Alternative
Because the footprint of the expansion area would be reduced to 210 acres (from 622) under
Alternative 2, fewer boat trips would be required throughout the bay in order to maintain and operate
culture equipment. As with the Preferred Alternative, Coast would increase the number of small
vessels in its operation by two boats under Alternative 2. However, the number of boat trips
throughout the bay per week would be increased by only 17 trips or 68 boat hours per week over
existing conditions—slightly less than under the Preferred Alternative. Given the reduced expansion,
the additional vehicle trips associated with truck traffic and employee trips would also be slightly
reduced. As with the proposed Project, Coast would implement Mitigation Measure AQ-1 under
Alternative 2. With incorporation of Mitigation Measure AQ-1, IMPACT AQ-1 would be less than
significant under Alternative 2.
Alternative 3: Existing Footprint Alternative
Under Alternative 3, there would be no impact on air quality compared to baseline conditions, but
existing uses and related impacts to air quality in the bay would continue. IMPACT AQ-1 is thus
considered less than significant under Alternative 3.
Alternative 4: No Project Alternative
Under Alternative 4, there would be a potential short-term impact to air quality as a result of intense
activity on the bay necessary to remove culture equipment (over a 3-6 month period if Coast were not
permitted to phase the removal of culture, up to 2 years if Coast were permitted to grow shellfish to
market size). Thereafter, there would be a minor benefit to air quality due to cessation of all regular
boat trips through the bay. Because potential impacts as a result of Alternative 4 would be short term
and because an overall reduction in vessel running time would occur once culture equipment was
successfully removed, IMPACT AQ-1 is considered less than significant under Alternative 4.
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6.8 Greenhouse Gas Emissions
6.8.1 Existing Conditions
Coast’s existing culture activities generate a relatively small amount of greenhouse gases (GHG)
associated with the use of small watercraft, motorized equipment including generators, and the use of
personal motorized transportation. Coast uses 6 small boats (4 skiffs and 2 scows) to operate and
maintain its existing intertidal culture areas (Table 4.1, Project Description). Each skiff makes one 4hour trip per day, 5 days per week. Each scow makes two 4-hour trips per day, 5 days a week. Trip
time represents the maximum possible time during which the boat engine is running—boat running
time is likely less than trip time as the boat will be stopped while work is performed. In addition, Coast
operates three larger vessels (two harvesters and a clam boat). The clam boat is active twice per day, 5
days a week, for a 2-hour trip. Respectively, the two harvest vessels operate one 6-hour trip five days
a week and one 4-hour trip two days a week. During a 4 or 6 hour harvester trip, the boat engine is
shut down during harvest and a gas-powered generator used to run harvest equipment. In addition,
Coast employs 68 people, approximately 38 of whom regularly utilize motorized transportation to get
to/from work.
6.8.2 Pertinent Laws and Regulations
Following passage of California Senate Bill 97 (SB 97) in 2007, CEQA requires analysis of impacts
associated with a project’s GHG emissions. The CEQA Guidelines were updated by the Governor’s
Office of Planning and Research (GOPR) to reflect passage of AB 97 in 2009. Actions by both the
State of California and by the U.S. Supreme Court support the need to include analysis of GHG
emissions and a project’s contribution to global climate change in environmental impact reports:
•

•

In 2005, California Governor Arnold Schwarzenegger issued Executive Order S-3-05, which
set two GHG reduction targets: meet 1990 GHG levels by the year 2020 and meet 20% below
1990 levels by the year 2050. The following year, California passed comprehensive climate
change legislation detailing how these goals would be accomplished. The “Global Warming
Solutions Act of 2006” requires California to reduce carbon emissions by 25% by 2020.
In 2007, the U.S. Supreme Court issued its decision in Massachusetts vs. EPA, 1 holding that
GHGs are pollutants and must be regulated under the Federal Clean Air Act.

6.8.3 Definition of Significance and Baseline Conditions
The CEQA Guidelines recommend consideration of the following factors when assessing the
significance of a project’s GHG emissions:
1. The extent to which the project may increase or reduce GHG emissions as compared to the
environmental setting.
2. Whether the project emissions exceed a threshold of significance that the lead agency
determines applies to the project.

1

Massachusetts v. U.S. Environmental Protection Agency, 549 U.S. 497 (2007).
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3. The extent to which the project complies with regulations or requirements adopted to
implement statewide, regional or local GHG reduction or mitigation plans. 2
In the context of GHG and global climate change, the GOPR recognizes that statewide thresholds of
significance for GHG emissions have not been set (GOPR 2008). The GOPR recommends that lead
agencies should consider significance in the context of direct, indirect, long- and-short term, and
cumulative impacts. However, “although climate change is ultimately a cumulative impact, not every
individual project that emits GHGs must necessarily be found to contribute to a significant cumulative
impact on the environment” (GOPR 2008).
6.8.4 Effects Analysis of Proposed Project
The Harbor District and AQMD have not established a threshold of significance for GHG emissions.
Consistent with CEQA Guidelines Section 15064.4, the Harbor District has opted for a qualitative
assessment of GHG emissions and found that the following impacts should be assessed.
IMPACT GHG-1: Generation of GHGs.
The Project would involve direct generation of GHGs through burning of gasoline and other fuels
from power boats, small generators, and vehicular traffic. Under the Project, Coast would use up to
two additional small boats to operate and maintain intertidal harvest areas (1 scow and 1 skiff) (Table
4.4, Project Description). The two additional small craft would operate on the same schedule as
Coast’s existing scows and skiffs, increasing the number of boat trips per week by small vessels to 55
from 40 and the number of hours of vessel operation to 220 from 160. Coast would also operate its
existing harvest vessels more frequently, adding one additional 6-hour trip per week and two additional
4-hour trips per week.
The Project would also result in a negligible increase in GHG emissions generated during
processing/cleaning of shellfish and during transportation (primarily trucking) and refrigerated storage
of the product. Storage is expected to occur primarily at existing Coast facilities on Humboldt Bay.
Finally, the Project would employ between approximately 60-70 additional workers who would likely
travel to and from work sites using personal motor vehicles.
The amount of GHGs generated by all of the above activities is considered less than significant,
particularly relative to the amount of food that will be produced and to other, more intensive activities
in the region (the existing setting).
IMPACT GHG-2: Conflict with an applicable plan, policy, or regulation adopted for
the purpose of reducing the emissions of GHGs.
The Project does not conflict with any known plan, policy, or regulation, including AB 32 and SB 97.
6.8.5 Conservation Measures
There are no identified Conservation Measures.
2

14 Cal. Code Reg. § 15064.4(b).
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6.8.6 Level of Significance Before Mitigation
IMPACTS GHG-1 and GHG-2 are considered less than significant without mitigation.
6.8.7 Mitigation Measures
No Mitigation Measures are necessary.
6.8.8 Level of Significance After Mitigation
IMPACTS GHG-1 and GHG-2 are considered less than significant without mitigation.
6.8.9 Effects Analysis of Alternatives
Alternative 1: 10-Foot Spacing Alternative
Direct GHG emissions would be substantially the same under Alternative 1 because the need for
additional boats and boat trips to service intertidal culture areas would be the same as under the
Project. Moreover, Coast’s harvest vessels would be run with the same frequency as under the Project.
Indirect GHG impacts (related to processing/cleaning, transportation, and storage of the product)
would be slightly lower than for the proposed Project because fewer oysters would be cultivated under
Alternative 1 due to a reduction in the total number of oyster longlines.
Alternative 1 is expected to result in a less than significant increase in GHG emissions and thus
IMPACT GHG-1 is expected to be less than significant. As with the Project, Alternative 1 would not
conflict with any known plan, policy or regulation, including AB 32 and SB 97, and no IMPACT
GHG-2 is expected.
Alternative 2: Reduced Acreage Alternative
Direct GHG emissions under Alternative 2 would decrease as compared to the Project. Like the
Project, Alternative 2 would require two additional small watercraft (1 scow and 1 skiff) operating a
total of 15 additional 4-hour trips per week. However, the frequency of harvest vessel operation would
be slightly reduced—Alternative 2 would require only two additional 4-hour trips per week (rather
than one 6-hour and two 4-hour trips). Because Alternative 2 would generate less GHG emissions
than the Project due to a reduction in boat trips and operating hours, IMPACT GHG-1 is considered
less than significant without mitigation. As with the Project, Alternative 2 would not conflict with any
known plan, policy or regulation, including AB 32 and SB 97, and thus no IMPACT GHG-2 is
expected.
Alternative 3: Existing Footprint Alternative
Under Alternative 3, there would be no GHG impact compared to baseline conditions, but existing
uses and related GHG impacts would continue. IMPACT GHG-1 is thus expected to be less than
significant under Alternative 3 and there is expected to be no IMPACT GHG-2.
Alternative 4: No Project Alternative
Under Alternative 4, there would be a minor benefit to GHG emissions because all current cultivation
activities would cease and the proposed expansion of cultivation would not occur. While GHG
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emissions would be generated during operations necessary to remove Coast’s aquaculture equipment
from the bay and to harvest remaining shellfish product, these emissions are less than what would be
generated during the life of the Project. IMPACT GHG-1 is thus expected to be less than significant
under Alternative 4 and there is expected to be no IMPACT GHG-2.
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6.9 Hydrology and Water Quality
This section describes the present and possible future conditions regarding hydrology and water
quality in the Project area. The significance of effects regarding hydrology and water quality is defined
by CEQA Appendix G criteria.
6.9.1 Existing Conditions
Hydrology and water quality in Humboldt Bay are described in the Humboldt Bay Management Plan
(HBMP 2007) and Humboldt Bay Management Plan Draft Environmental Impact Report (HBMP
DEIR 2006) and those documents are incorporated by reference. As described in those documents,
the ambient water quality in Humboldt Bay is good, with quality determined based on the general
quality of water entering the bay from the nearshore Pacific Ocean. On average, bay water is slightly
warmer than incoming Pacific water. There are also seasonal and geographic variations in water quality
in the bay, with North Bay being both fresher and colder in winter and warmer and saltier in summer
than Entrance Bay. Coast’s owned and leased areas are certified by the California Department of
Public Health for shellfish cultivation, which has classified Coast’s areas as “Conditionally Approved”
areas fit for healthy shellfish cultivation.
6.9.2 Pertinent Laws and Regulations
There are a variety of state and federal laws pertinent to water quality and hydrology in Humboldt
Bay. The Water Quality Control Plan for the North Coast Region (Basin Plan) 1 establishes multiple
objectives for Humboldt Bay in order to ensure that beneficial uses and existing water quality
parameters are maintained (RWQCB 2011). There are 18 beneficial uses identified for Humboldt Bay,
including water contact recreation, navigation and aquaculture. The Basin Plan also includes numerical
criteria for a number of pollutants, including fecal coliform, and narrative criteria for water quality
parameters such as temperature and pH. The narrative criteria, together with the basic antidegradation
policy and the required maintenance of beneficial uses, constitute the overarching state mandate for
water quality in Humboldt Bay (HBMP 2007).
The Humboldt County General Plan (County of Humboldt 1984), City of Arcata General Plan (City
of Arcata 2008), and City of Eureka General Plan (City of Eureka 1997) contain additional goals and
policies related to water quality. Further, Section 303(d) of the Federal Clean Water Act (CWA)
includes requirements for water bodies that are “impaired,” and that, consequently, do not meet
adopted state and/or federal water quality requirements. Such impaired water bodies or segments of
water bodies are subject to the development of total maximum daily load (TMDL) waste allocations
pursuant to requirements in the CWA and the State Porter-Cologne Water Quality Control Act. 2
Humboldt Bay is included in the U.S. Environmental Protection Agency-approved 303(d) list of
impaired waters in California. Humboldt Bay is listed as impaired for polychlorinated biphenyls
(PCBs) and dioxin toxic equivalents. 3
1 The Basin Plan was most recently updated in 2011. Many water quality plans and policies exist in California, including a
number that affect Humboldt Bay. See URL: http://www.swrcb.ca.gov/plans_policies/ (viewed September 2015).
2
See URL: http://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/TMDLs/303dlist.shtml (viewed
September 2015).
3
See URL: http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/category5_report.shtml
(viewed September 2015).
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Although the source(s) of PCBs in Humboldt Bay is/are unknown, PCBs are known to be associated
with a number of adverse health and environmental effects. Dioxins were historically generated
primarily by timber and pulp mill operations, through wood preservatives that have active ingredients
consisting of cyclic (aromatic) hydrocarbon molecules with multiple substituted chlorine atoms. Such
chemicals were used in many wood product manufacturing facilities or mills in the 1950s and 1960s
as anti-fungal or preservative agents. The most widely known of these compounds (or mixtures of
chemically similar compounds) was pentachlorophenol (also known as penta or PCP). PCP is itself a
toxic material that is now banned from use in the United States. Dioxin-contaminated PCP is known
to have been used at several lumber-processing mills in the Humboldt Bay region (HBMP DEIR 2006).
However, neither the State Water Resources Control Board nor the U.S. Environmental Protection
Agency identified apparent adverse effects on any of the beneficial uses identified for Humboldt Bay
(including shellfish harvesting), and the priority for developing a TMDL for the impaired bay was
determined to be low (HBMP DEIR 2006). The current 2010 303(d) list shows an expected TMDL
completion date of 2019. 4
6.9.3 Definition of Significance and Baseline Conditions
Significance criteria are those listed in the CEQA checklist. A project’s effects on hydrology and water
quality would be significant if the project would:
1. Violate federal, state, regional, or local water quality standards set for water quality and for
discharge of waste water.
2. Use, or interfere with, ground water such that the amount of flow of groundwater is adversely
impacted.
3. Cause drainage changes that would alter or cause an increase in volume or flow of tidewater
or surface flow that would cause or lead to a substantial increase in erosion or sedimentation
either in the project area or elsewhere.
4. Alter drainage patterns of the site or area, including through the alteration of the course of a
stream or river, or substantially increase the rate or amount of surface runoff in a manner, that
would result in flooding on- or off-site.
5. Add runoff from the project area that would exceed the capacity of drainage facilities.
6. Create polluted runoff or other general adverse water quality impacts that could affect
beneficial uses or degrade water quality in waters of the state.
7. Place housing or other structures within the 100-year flood plain, or other area subject to
flooding.
8. Place structures within a 100-year flood hazard area that would impede or redirect flood flows.
9. Expose people or structures to a significant risk or loss, injury, or death involving flooding,
including flooding as a result of the failure of a levee or dam.
10. Be developed in such a manner or location that it would be adversely affected by seiche,
tsunami, or mudflow.

4

See Section 6.10, Hazards and Hazardous Materials, for a discussion of dioxin contamination and shellfish safety.
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6.9.4 Effects Analysis of Proposed Project
The majority of the significance criteria listed above pertain to upland uses and are not applicable to
the Project; therefore, all impacts other than Criteria 1 and 3 are not further discussed below. The
following potentially significant impacts were identified for the Project.
IMPACT WQ-1: Water Quality.
Shellfish are filter feeders that have a positive impact on water quality by filtering pollutants and
contaminants from the water column. Shellfish remove excess nitrogen and phosphorous from the
water column, nutrients that play a role in enhancing phytoplankton production and blooms of both
toxic and nontoxic microalgae. As Rice (2008) summarizes, bivalves are an essential component of
estuarine systems in that they exert “bottom-up” control through biodeposition and promotion of
nutrient removal (i.e., burial and denitrification); sequester nitrogen in the form of proteins in tissues
and shells; and stabilize phytoplankton growth dynamics through moderation of ammonia cycling in
the water column. 5 Ecosystem modeling and mesocosm studies indicate that restoring shellfish
populations to even a modest fraction of their historical abundance could improve water quality and
aid in the recovery of seagrasses (Newell and Koch, 2004). However, Humboldt Bay is not currently
characterized as a eutrophic system with excess nitrogen and phosphorus; therefore, this benefit may
be limited, at least based on the bay’s current composition and level of discharges from anthropogenic
sources. Therefore, the Project is anticipated to have a minor positive impact on water quality.
IMPACT WQ-2: Sedimentation.
Project activities will temporarily mobilize a minor amount of sediment. For example, when stakes are
placed or a vessel comes in contact with the bay bottom, sediment may be mobilized. However, the
amount of sediment mobilized during mariculture operations is likely very low compared to the
quantities of sediment mobilized during storm conditions (that is, strong winds and storm surges).
Oyster culture has a localized effect on sediment distribution and tidal circulation. As water is slowed
by frictional effects of the culture structure, sediment deposition and organic content increases
(Rumrill and Poulton 2004). 6 A study of sedimentation in Humboldt Bay at locations similar to Project
sites reported that “fine sediments were deposited and eroded in an inconsistent manner at cultch-onlongline sites.” The greatest elevation change measured was an increase of 95 mm (Rumrill and
Poulton 2004). Localized changes of this magnitude would not have a substantially adverse effect on
the surrounding environment. Given that the typical detection limit for this type of study is 80 mm
(Hannam and Mouskal 2015), it is unlikely that the change observed by Rumrill and Poulton (2004)
would be considered significant. Therefore, this impact is less than significant.
6.9.5 Conservation Measures
No Conservation Measures have been identified.
5 See Section 6.5.4, Effects Analysis of the Project, for a discussion of the Project’s potential to cause changes in the
abundance of suspended organic matter and potential competition for this food source between cultured shellfish and
other filter feeders.
6 A more in-depth discussion of scouring and sediment accumulation associated with longline aquaculture is provided in
Section 6.5.4, Effects Analysis of the Project.
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6.9.6 Level of Significance Before Mitigation
IMPACT WQ-1 and WQ-2 are considered less than significant without mitigation.
6.9.7 Mitigation Measures
No Mitigation Measures are necessary.
6.9.8 Level of Significance After Mitigation
No mitigation is necessary. IMPACT WQ-1 and WQ-2 are considered less than significant without
mitigation.
6.9.9 Effects Analysis of Alternatives
Alternative 1: 10-Foot Spacing Alternative
The footprint of Alternative 1 (622 acres) would be the same as under the proposed Project, thus the
area in which potential hydrology and water quality impacts may occur is the same as under the Project.
As with the Project, IMPACTS WQ-1 and WQ-2 would be less than significant under Alternative 1.
Alternative 2: Reduced Acreage Alternative
Although impacts would be similar, Alternative 2 would be slightly less likely to create sedimentation
than the proposed Project due to the reduced acreage of cultivation (210 acres for Alternative 2
compared to 622 acres for the proposed Project). IMPACTS WQ-1 and WQ-2 would be less than
significant under Alternative 2.
Alternative 3: Existing Footprint Alternative
Under Alternative 3, there would be no impact to hydrology and water quality compared to baseline
conditions; however, existing uses and related hydrology and water quality impacts would continue.
IMPACTS WQ-1 and WQ-2 would be less than significant under Alternative 3.
Alternative 4: No Project Alternative
Under Alternative 4, there could be a minor benefit regarding hydrology and water quality, because all
current cultivation activities would cease and the proposed expansion of cultivation would not occur.
IMPACTS WQ-1 and WQ-2 would thus be less than significant under Alternative 4.
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6.10 Hazards and Hazardous Materials
This section describes the present and possible future conditions regarding hazards and hazardous
materials in the Project area. The significance of effects regarding hazards and hazardous materials is
defined by CEQA Appendix G criteria.
6.10.1 Existing Conditions
There are relatively few hazards or hazardous materials in Humboldt Bay, which is dominated by
natural landscapes. However, Humboldt Bay has historically been used for industrial processes such
as bleaching of paper pulp, pesticide and herbicide manufacturing and waste incineration, which likely
contributed chemicals such as dioxins to the bay (Pacific Shellfish Institute 2007). In addition,
Humboldt Bay is frequently transited by recreational and commercial watercraft with internal
combustion engines, which pose a hazard associated with the potential release of fuel and lubricants
into the bay.
6.10.2 Pertinent Laws and Regulations
The Humboldt Bay Management Plan (HBMP 2007) contains the following goals and objectives
related to toxic materials management for Humboldt Bay:
Goals:
•
•
•
•

Prevent spills in Humboldt Bay.
Minimize the impact of spills on Humboldt Bay.
Minimize water-borne debris in Humboldt Bay.
Eliminate illegal dumping.

Objectives:
• Spill response and cleanup procedures will be enhanced in Humboldt Bay through
increased coordination among local, state, and federal agencies and personnel.
• Planning measures and implementation procedures for spill prevention and response will
continue to be improved.
• The level of public involvement in, and knowledge about, the effects of illegal dumping
on the bay’s environmental resources will be improved, leading to reduced dumping,
protecting water quality and environmental resources.
• Compensation obtained through environmental resource damage assessments and
potential penalties or fines will be applied to improving spill prevention and cleanup
capabilities.
The Harbor District is a member of the Humboldt Bay Oil Spill Cooperative, responsible for
responding to marine-related releases of petroleum products and related toxic materials into
Humboldt Bay. The District does not have direct responsibility for spill prevention or cleanup. The
United States Coast Guard maintains the primary responsibility for spill prevention and cleanup in
marine waters pursuant to the Oil Pollution Act of 1990. NOAA Fisheries is responsible for
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responding to potential effects to marine mammals. CDFW’s Office of Spill Prevention and Response
is responsible for state-level spill responses regarding wildlife and habitat (HBMP 2007).
6.10.3 Definition of Significance and Baseline Conditions
Significance criteria are those listed in the CEQA checklist. An impact would be considered significant
if it meets any of the following criteria:
1. Creates a significant hazard to the public or the environment through the routine transport,
use, or disposal of hazardous materials.
2. Creates a significant hazard to the public or the environment through reasonably foreseeable
upset and accident conditions involving the release of hazardous materials into the
environment.
3. Emits hazardous emissions or handling of hazardous or acutely hazardous materials,
substances, or waste within one-quarter mile of an existing or proposed school.
4. Is located on a site that is included on a list of hazardous materials sites compiled pursuant to
Government Code Section 65962.5 and, as a result, would create a significant hazard to the
public or the environment.
5. For a project located within an airport land use plan or, where such a plan has not been
adopted, within two miles of a public airport or public use airport, the project would result in
a safety hazard for people residing or working in the project area.
6. For a project within the vicinity of a private airstrip, the project would result in a safety hazard
for people residing or working in the project area.
7. Impairs implementation of or physically interfere with an adopted emergency response plan
or emergency evacuation plan.
8. Exposes people or structures to a significant risk of loss, injury, or death involving wildland
fires, including where wildlands are adjacent to urbanized areas or where residences are
intermixed with wildlands.
6.10.4 Effects Analyses of the Proposed Project
The Project site is not located within a quarter-mile of an existing or proposed school; further, given
that the Project is located entirely on tidelands, there is no potential for an accidental release of
hazardous materials to affect upland school uses. The Project area is not located on a hazardous
materials site. While a portion of the Project site is located approximately 0.9 miles from Murray Field,
a public airfield, all Project operations would occur on the tidelands at sea level and would not interfere
with airfield operations. Further, given that the Project would take place on tidelands, there is no
potential to affect an established emergency response plan or risk wildfires. Thus, Impacts 3 through
8 are not discussed in further detail below. The following potential hazard-related impacts have been
identified for the Project.
IMPACT HAZ-1: Hazard to people or the environment through the routine transport,
use, emission, or release of hazardous materials.
The only hazardous materials that would be associated with the Project are fuel and lubricants for
boats, generators and other mechanical equipment, including for internal combustion engines on small
boats. Use of these materials is common on Humboldt Bay and does not represent a significant hazard
to the environment or people. Project personnel will follow all current and standard safety and cleanup
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protocols for fueling and lubricating engines. Further, Coast will implement Conservation Measures
HAZ-1, HAZ-2 and HAZ-3, below, to further reduce the risk of pollution or oil or hazardous
materials spills.
IMPACT HAZ-2: Hazard from the abandonment or loss of marine debris.
The Project may result in accidental loss of mariculture gear or other debris into Humboldt Bay.
Because the equipment is placed in intertidal areas, it is subject to various natural forces including tide,
wind, waves and ultraviolet radiation. As a result, there is potential for equipment to become loose,
wash away or otherwise escape into the environment. Escaped mariculture gear may pose a hazard to
biological resources and to other users of the bay, including boaters (kayakers, stand-up paddle
boarders, canoers, wind surfers) and scuba divers. When encountered, marine debris associated with
mariculture equipment may damage boat bottoms or engines, snag on trailing lines or otherwise impair
navigation. Recreational users of the bay may encounter escaped mariculture equipment in shallow
intertidal areas, which may make transit of these areas more hazardous, particularly if escaped
equipment is wholly or partially buried in the substrate and thus hidden from view.
Longline oyster culture involves installation of PVC tubes in the substrate, which are strung with
monofilament line and hung with oysters or oyster baskets (polyethylene sleeves). Coast inspects
cultch-on-longlines during monthly maintenance work and during harvest. Any pipes disturbed during
the harvest are re-secured or removed if damaged. Any identified loose pipes or debris are removed
from the culture area. During replanting, pipes are straightened out and replaced as needed. Basketon-longlines are inspected and maintained each time the oysters are inspected for grading. Baskets are
lashed in bins during transport to prevent loss.
Rack-and-bag culture utilizes 3’ x 12’ rebar frames on which are placed polyethylene mesh bags full of
oysters. The bags are attached to the racks using industrial rubber bands. Worn, strained, or damaged
rubber bands are routinely replaced during daily inspection and maintenance of the rack-and-bags.
Any debris is removed during inspections. Coast also performs a monthly inspection of its owned and
leased area for marine debris at both low and high tide and picks up any identified debris, regardless
of the source of the identified items.
Mitigation Measures HAZ-1 through HAZ-5 have also been incorporated to address this impact.
IMPACT HAZ-3: Health hazard from bioaccumulation of dioxins in shellfish meat.
The Project has the potential to bioaccumulate dioxins present in the bay in shellfish meat, potentially
posing a health hazard to shellfish consumers. In recent years, oyster growers in Humboldt Bay have
seen their products come under increased scrutiny for a group of organic compounds known
informally as dioxins stemming, in part, from past operations of pulp and lumber mills in the area.
This has been perceived as a potentially serious issue due to: 1) the extremely low levels of these
chemicals permitted in foodstuffs; 2) the recognized ability of oysters and other bivalve shellfish to
bioaccumulate the chemicals; and 3) the heightened sensitivity of the public and environmental
regulators to the significance of the chemicals in the environment (Pacific Shellfish Institute 2007).
A dioxin is one of a number of chemical compounds that are created as byproducts or contaminants
when chemically complex hydrocarbon structures are reacted commercially to add chlorine to one or
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more of the constituents. 1 That is, dioxin is not a formulated product, but it occurs as a constituent in
a variety of commercial grade products containing chlorine, including herbicides and pesticides, as
well as compounds used to inhibit biological activity in other contexts. One of the categories of
compounds in which dioxin has been found is wood preservatives that have active ingredients
consisting of cyclic (aromatic) hydrocarbon molecules with multiple substituted chlorine atoms. Such
chemicals were used in many wood product manufacturing facilities or mills in the 1950s and 1960s
as anti-fungal or preservative agents. The most widely known of these compounds (or mixtures of
chemically similar compounds) was PCP. PCP is itself a toxic material that is now banned from use in
the United States. 2 Dioxin-contaminated PCP is known to have been used at several lumberprocessing mills in the Humboldt Bay region (HBMP DEIR 2006).
In 2002, two studies analyzed commercially grown oysters and mussels from Humboldt Bay for the
presence of dioxins, metals, and semivolatile organic compounds. The initial study in June 2002 was
conducted in response to concerns raised by Coast and other local commercial shellfish businesses
about possible contamination of commercial oyster beds located in Humboldt Bay. The final study in
October 2002 was completed to comply with a specific request made by the California Department
of Health Services (CDHS) to Coast (EnviroNet and ENVIRON 2003).
The results of the 2002 studies and other sampling in Humboldt Bay by CDHS in 2003 were
summarized in a 2007 status report prepared by the Pacific Shellfish Institute (PSI). The 2007 PSI
study concluded that the dioxins were not a concern in the areas identified:
Studies of dioxin levels in bivalve shellfish indicate in most regions of the United States
and other countries, concentrations are well below levels considered by the USFDA
and USEPA to be a human health risk. Most long-term studies demonstrate a decline
in dioxin levels, and for [the] large part, industries releasing these pollutants have come
under more stringent regulation. A 2002 survey of dioxins and other chemicals in
shellfish from the Mad River Slough and Humboldt Bay found their levels to be the
same as or marginally higher than those detected in the majority of studies at other
locations. CDHS sampling from Humboldt Bay in 2003 indicated much lower levels,
with dioxin concentrations in shellfish at or near the detection limits. Although there
are no similar long-term data from Humboldt Bay shellfish to offer a historical
perspective of dioxin levels, trends in recent years suggest that in the absence of
continued inputs, dioxins are continuing to decrease to naturally occurring levels.
The available literature indicates there is no risk of contamination from consuming
shellfish from Humboldt Bay…. After review of pertinent studies, reports and health
criteria, it is concluded that Mad River Slough and Humboldt Bay, as shellfish growing
areas, meet all standards of safe harvest and consumption of commercially grown
shellfish within the wet and dry weather standards administered by CDHS. The
Humboldt Bay Harbor Recreation and Conservation District as the state tideland
trustee is meeting its obligations under the trusteeship to ensure that shellfish culture
1

For additional information about dioxin (more formally designated as “2,3,7,8-tetrachlorodibenzo-p-dioxin” or
TCDD), see URL: http://www.epa.gov/safewater/contaminants/dw_contamfs/dioxin.html (viewed September 2015).
2
For additional information about pentachlorophenol, see URL:
http://www.epa.gov/safewater/contaminants/dw_contamfs/pentachl.html (viewed September 2015).
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activities presently permitted on leased tidelands conform with human health criteria
as they relate to dioxin (Pacific Shellfish Institute 2007).
There is no indication that dioxin levels in Humboldt Bay have increased or changed since the 2002
studies were completed or since the Pacific Shellfish Institute published its summary in 2007. In fact,
it is likely that levels will continue to decrease as the time since cessation of dioxin-producing pulp
mill activities increases.
6.10.5 Conservation Measures
This section identifies specific Conservation Measures that have been incorporated into the Project
by Coast and are intended to minimize the Project’s hazard or hazardous materials impacts. The
Conservation Measures are intended to ensure that the Project maintains a high standard that is
environmentally responsible. Given their critical importance in ensuring that significant impacts are
avoided, Conservation Measures are treated similarly to Mitigation Measures and will be included in
the Mitigation and Monitoring Plan for this EIR. The following Conservation Measures are
incorporated into the Project:
Conservation Measure HAZ-1: Coast will not discharge any feed, pesticides, or chemicals
(including antibiotics and hormones) into Humboldt Bay waters.
Conservation Measure HAZ-2: Coast will implement an equipment maintenance program
for all vessels used in mariculture activities in order to limit the likelihood of release of fuels,
lubricants, paints, solvents, or other potentially toxic materials associated with vessels as a
result of accident, upset, or other unplanned events.
Conservation Measure HAZ-3: Coast will continue to fuel boats at commercial fuel dock
facilities, carry oil spill absorption pads and seal wash decks or isolate fuel areas prior to fueling
so as to prevent contaminants from entering the water.
6.10.6 Level of Significance Before Mitigation
Compliance with the Conservation Measures identified above would reduce potential impacts
associated with IMPACTS HAZ-1 and HAZ-3 to a level that is less than significant. IMPACT HAZ2 is potentially significant impact without mitigation.
6.10.7 Mitigation Measures
Mitigation Measures HAZ-1 through HAZ-5 are intended to mitigate for impacts associated with
IMPACT HAZ-2 concerning potential hazards generated by marine debris.
Mitigation Measure HAZ-1: Following storm or adverse weather events, Coast will patrol
mariculture areas for escaped or damaged mariculture equipment, promptly retrieve any
equipment encountered and, if it cannot be repaired and placed back into service, properly
dispose of the escaped equipment on land. In addition, Coast will retrieve or repair any escaped
or damaged mariculture equipment that it encounters while conducting routine daily and/or
monthly maintenance activities associated with shellfish culture (e.g. bed inspections, shellfish
Coast Seafoods Company
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grading and sorting). If the escaped gear cannot be repaired and replaced on the shellfish bed,
it will be properly disposed of on land.
Mitigation Measure HAZ-2: Within 30 days of harvest on any area that is being discontinued
or taken out of production for one year or more, Coast will remove all shellfish culture
apparatus from the area, including but not limited to, stakes, racks, baskets, and pallets.
Mitigation Measure HAZ-3: Coast will implement annual employee training regarding
marine debris issues and how to identify loose culture gear and proper gear repair and removal
methods.
Mitigation Measure HAZ-4: Coast will conduct quarterly bay cleanups in coordination with
other interested parties or organizations, which will include walking portions of the bay and
shorelines to pick up escaped shellfish gear and other trash (regardless of whether it is
generated by the Project). The volume of shellfish gear collected shall be recorded.
Mitigation Measure HAZ-5: Coast will not leave tools, loose gear, or construction materials
on its owned and leased tidelands or surrounding areas for longer than one tide cycle. All gear
installed in the Project area will be kept neat and secure.
6.10.8 Level of Significance After Mitigation
IMPACTS HAZ-1 and HAZ-3 are less than significant without mitigation. Upon implementation of
Mitigation Measures HAZ-1, HAZ-2, HAZ-3, HAZ-4, and HAZ-5, IMPACT HAZ-2 is less than
significant. Therefore, no significant and unavoidable adverse impacts concerning hazards or
hazardous materials remain.
6.10.9 Effects Analysis of Alternatives
Alternative 1: 10-Foot Spacing Alternative
Because Alternative 1 would involve approximately the same number of hours of watercraft use per
week compared to the Project, it would have a substantially similar risk of release of fuel and lubricants
from watercraft. However, given the implementation of Conservation Measures HAZ-1, HAZ-2 and
HAZ-3 and adherence to all current and standard safety and cleanup protocols for fueling and
lubricating engines, IMPACT HAZ-1 is less than significant under Alternative 1.
Because Alternative 1 would involve fewer longlines than under the Preferred Alternative (26,124
instead of 32,156), there is a reduced potential for abandonment or loss of gear or other debris into
Humboldt Bay. Regardless, any such gear or debris encountered during operations will be retrieved
for proper disposal. With the implementation of Mitigation Measures HAZ-1 through HAZ-5,
IMPACT HAZ-2 is therefore less than significant under Alternative 1. In addition, given the
documented lack of dioxin risk to people from consuming shellfish grown in Humboldt Bay, IMPACT
HAZ-3 is less than significant under Alternative 1.
Alternative 2: Reduced Acreage Alternative
Because Alternative 2 would involve approximately 286 hours of watercraft use per week compared
to 292 hours per week with the Project, it would have approximately the same risk of release of fuel
and lubricants from watercraft. Given the implementation of Conservation Measures HAZ-1, HAZCoast Seafoods Company
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2 and HAZ-3 and adherence to all current and standard safety and cleanup protocols for fueling and
lubricating engines, IMPACT HAZ-1 is less than significant under Alternative 2.
Because Alternative 2 would involve the addition of up to 14,852 new longlines compared to 32,156
new longlines with the proposed Project, there would be less risk of hazard from the abandonment
or loss of gear or other debris into Humboldt Bay. Regardless, any such gear or debris encountered
during operations will be retrieved for proper disposal. With the implementation of Mitigation
Measures HAZ-1 through HAZ-5, IMPACT HAZ-2 is therefore less than significant under
Alternative 2. Given the documented lack of dioxin risk to people from consuming shellfish grown in
Humboldt Bay, IMPACT HAZ-3 is also less than significant under Alternative 2.
Alternative 3: Existing Footprint Alternative
Under Alternative 3, there would be no impact regarding hazards and hazardous materials compared
to baseline conditions, but existing uses and related hazard impacts in the bay would continue.
IMPACTS HAZ-1, HAZ-2, and HAZ-3 are considered less than significant under Alternative 3.
Alternative 4: No Project Alternative
Long-term, there would be a minor benefit regarding hazards and hazardous materials under
Alternative 4 because all current cultivation activities would cease and the proposed expansion of
cultivation would not occur. However, during the removal of all of Coast’s shellfish culture from the
bay (both intertidal and subtidal), the risk of release or escape of equipment would be increased due
to the volume of materials being removed and transported. Regardless, IMPACTS HAZ-1, HAZ-2,
and HAZ-3 are considered less than significant under Alternative 4.
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6.11 Recreation
6.11.1 Existing Conditions
Existing uses in the Project area are primarily mariculture and recreation. Recreation activities in and
around North Bay include boating, paddling (e.g., kayaks, canoes and stand-up paddle boards), fishing,
clamming, birdwatching, and hunting. Hunting for waterfowl is conducted on the bay, sloughs,
marshes, and adjacent agricultural and other uplands. Hunting (regulated by CDFW) is allowed at
several locations, including the State of California managed area at Fay Slough Wildlife Area, portions
of the U.S. Fish and Wildlife Service (USFWS) Jacoby Creek and Eureka Slough units are open during
the State of California waterfowl hunting season, which is generally October 10 through January 22
for ducks, and a variable period between October 10 and March 10 for geese, depending on the
species. Hunting is generally conducted using boats, sculling in a low-profile skiff, walking along
levees, and using temporary or permanent blinds along the shoreline. Boating and paddling in North
Bay is somewhat limited because of the shallow water and tidal conditions; popular areas include the
Mad River Slough area, with (“unofficial”) access from the Highway 255 bridge and other locations
(HBMP DEIR 2006).
6.11.2 Pertinent Laws and Regulations
The Humboldt Bay Management Plan recognizes that recreation encompasses a wide range of existing
and potential outdoor activities in and around Humboldt Bay. The Management Plan classifies the
Project area as “Combined Water Use – Mariculture”. In such areas, coastal dependent uses may be
given priority over recreational uses. This is consistent with the Management Plan’s focus on balancing
harbor, coastal industrial, commercial, conservation, and recreational uses in the bay. This means that
recreational opportunities are not always maximized.
Humboldt County’s General Plan recognizes recreation-tourism as one of the County’s primary
industries. The County’s Humboldt Bay Area Local Coastal Plan similarly sets forth a number of
recreation policies with relevance to the Project, including:
•

30220. Coastal areas suited for water-oriented recreational activities that cannot readily be
provided in inland water areas shall be protected for such uses.

The City of Eureka’s General Plan contains the following goal for recreation in the coastal zone:
•

Goal 5.B. To provide for public open space and shoreline accessways throughout the
Coastal Zone, consistent with protecting environmentally sensitive habitat and other coastal
priority land uses.

6.11.3 Definition of Significance and Baseline Conditions
Significance criteria are those listed in the CEQA checklist, a project’s effects on recreation would be
significant if the project would:
1. Increase the use of existing neighborhood and regional parks or other recreational facilities
such that substantial physical deterioration of the facility would occur or be accelerated.
Coast Seafoods Company
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2. Include recreational facilities or require the construction or expansion of recreational
facilities which might have an adverse physical effect on the environment.
6.11.4 Effects Analysis of Proposed Project
IMPACT REC-1: Effects on recreational facilities.
The Project is expected to create a small increase in boat traffic and culture activity on the bay in areas
utilized for recreation, boating, and hunting (see Table 4.4, Project Description). Coast would add 2
additional small boats (1 scow and 1 skiff) to its fleet and increase the number of crew manning skiffs
and scows to 7 (with the exception of Skiff 4). The frequency and duration of skiff and scow trips on
the bay would remain the same as under current conditions. In addition, the number of trips per week
taken by Coast’s two harvesters would increase, with the Mary Elizabeth operating one additional trip
per week and the Elusive two additional trips per week. In total, there would be a maximum of 18
additional boat trips per week for a total of 74 additional boat hours per week.
As described above, the Project would also increase the coverage of aquaculture-related infrastructure
on intertidal areas in the bay. Longline aquaculture would occupy a maximum of 618 additional acres
and rack-and-bag up to 4 additional acres. As described below, boat-based recreational users could
navigate over the lines when tidal height allows and between the widely-spaced longlines when the
tide height is not adequate to allow boat passage over the lines (but still adequate for navigation). Boats
too big to navigate between lines may be temporary excluded from culture areas at low tides, however
many such boats would likely be excluded from shallow intertidal areas at low tides regardless of the
presence of culture equipment. At low tides, when the tidelands are exposed, recreational users will
be free to walk in and around culture areas and should easily be able to navigate around and between
aquaculture gear.
Although the Project would expand infrastructure in tidal areas and increase boat traffic and worker
presence associated with expanded culture activities, it would not result in physical impacts to
recreational facilities. Exclusion from culture areas during low tides is expected to be limited to a small
subset of recreational watercraft that are too large to navigate between longlines but that would not
otherwise be excluded at the same tidal height. Because the Project is expected to employ between
approximately 60-70 individuals, most of whom will be employed in the Humboldt area and are
already living in the community, it should not increase recreational use or represent an increased
demand on recreational facilities. Neither construction nor expansion of existing recreational facilities
will be required. Therefore, impacts to recreational facilities would be less than significant.
IMPACT REC-2: Effects on recreational users of the bay.
Impacts to Recreational Boaters
As described above, the Project would add new structures to the bay in the form of additional
FLUPSY bins and additional shellfish equipment in intertidal areas in the form of longlines and rackand-bag equipment. The increased presence of aquaculture equipment in the bay has the potential to
impact recreational users of the water including hunters, kayakers, canoers, and stand-up paddle
boarders. The Project’s mariculture equipment could be located in areas of watercraft (e.g., boats,
kayaks) access in intertidal areas (Figure 6.11.1). This equipment would only affect watercraft when
the tides are high enough for small vessels with shallow drafts to move through intertidal areas
Coast Seafoods Company
Recirculated Draft EIR

6.11-2

Humboldt Bay Harbor District
July 2016

occupied by culture equipment, but so low that the vessels can’t move readily over the equipment.
Given the low elevation of the proposed longline culture equipment, the additional amount of time
that vessels would be prevented from accessing the Project site as compared to existing conditions
would be minimal. Wide 10-ft (cultch) and 16-ft (basket) spaces between longlines would allow smaller
watercraft (e.g., kayaks) to move through shellfish beds when the tide height was adequate for
navigation but not for passing over the longlines; in those cases, navigation may be limited to two
directions (e.g., parallel to rows of equipment). Watercraft too large to navigate between exposed
longlines will be temporarily excluded from culture areas during low tides.

Figure 6.11.1 Preferred Alternative: Map of recreation access locations and park/wildlife
areas in North Bay.
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On average, culture in the expansion area will be exposed by falling tides approximately 13% (Phase
I) to 18% (Phase II) of any 24-hour period; the total time that watercraft will be excluded from
navigating over the lines will be somewhat greater and will primarily depend on the draft of the
watercraft in question. Many boats that are unable to navigate between longlines may be otherwise
excluded from shallow intertidal areas once the tidal height is too low to allow for passage over the
lines.
Recreational users will be able to visually identify culture areas by the presence of long PVC pipes
driven into the substrate at the corners of each culture area; these markings are visible at all tidal
elevations. Coast will also ensure that recreational and other users have up-to-date information to plan
and conduct outings on the bay. Coast will provide an updated map to the Harbor District annually
showing the locations of its intertidal and subtidal shellfish culture in North Bay. The Harbor District
will post this map to its website. Coast will also post the map of its culture locations to its website and
provide electronic copies of the map to interested parties.
Watercraft movement in subtidal areas, including in the primary and secondary navigation channels
for watercraft, would not be affected.
Workers will routinely visit culture areas for installation, inspections, maintenance, planting and
harvesting, product grading, and other activities related to aquaculture practices (see Tables 4.2 and
4.3, Project Description). However, the Project would only involve a small number of additional boat
trips per week, which would be a negligible percentage of overall boat traffic in Humboldt Bay (Table
4.4, Project Description). These activities frequently occur at low tide when recreational watercraft
will already be excluded from the culture area by the tide level. Further, Coast employees take care to
avoid recreational boaters and small craft recreational users and no impact associated with additional
boat trips is anticipated.
Impacts to Recreational Hunting
Waterfowl hunters are known to use intertidal areas in the Project vicinity, with a primary focus on
the EBMA. Hunting is regulated by CDFW; hunters are allowed to hunt without interference. Hunting
is regulated by the time of year and sometimes day of the week, depending on the species. Recreational
hunting could be impacted by Project activities. This may include sporadic flushing of birds due to
noise associated with boat trips and harvest activities. However, as noted above, the Project would
only result in a small increase in boat trips, with an average of two to three additional boat trips per
day. Therefore, the impact associated with the Project is anticipated to be less than significant. Further,
as described in Section 6.11.5 below, to minimize potential interactions with waterfowl hunters, Coast
will limit work in portions of the EBMA during early morning and daylight hours on designated days
during brant hunting season (Hunting Avoidance Area). Brant hunting season is typically Wednesdays,
Saturdays and Sundays between mid-November and mid-December. Figure 6.11.2. The Hunting
Avoidance Area was designed in consultation with recreational hunters to encompass prime waterfowl
hunting grounds in North Bay.
6.11.5 Conservation Measures
This section identifies specific Conservation Measures that have been incorporated into the Project
by Coast and are intended to minimize the Project’s recreational impacts. The Conservation Measures
are intended to ensure that the Project maintains a high standard that is environmentally responsible.
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Given their critical importance in ensuring that significant impacts are avoided, Conservation
Measures are treated similarly to Mitigation Measures and will be included in the Mitigation and
Monitoring Plan for this EIR. The following Conservation Measures are incorporated into the Project:
Conservation Measure REC-1: Coast shall avoid operations in the mapped area of the
EBMA from midnight until sunset on days designated by CDFW as brant hunting days,
including season opening and closing days (typically brant hunting is limited to Wednesdays,
Saturdays, and Sundays between November 15 and December 15). This conservation measure
shall not apply in the case of emergency conditions or other operations, such as marine debris
removal, required by Coast to comply with other conditions of approval or mitigation
measures, or ensure the safety of its operations.
Conservation Measure REC-2: By December 1 of each year, Coast will submit a current
bed map to the Harbor District for posting on the Harbor District’s website; Coast will also
post the current bed map on its website. The map will describe the locations of all of Coast’s
subtidal and intertidal culture in North Bay. Coast will provide electronic copies of the bed
map upon request.

Figure 6.11.2 Area to be avoided during brant hunting season (Hunting Avoidance Area),
as described in Conservation Measure REC-1.
6.11.6 Level of Significance Before Mitigation
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Upon implementation of Conservation Measures REC-1 and REC-2, IMPACTS REC-1 and REC-2
would be less than significant.
6.11.7 Mitigation Measures
No Mitigation Measures are necessary.
6.11.8 Level of Significance After Mitigation
Compliance with the Conservation Measures REC-1 and REC-2, identified above, would reduce
potential impacts associated with recreation to a level that is less than significant. Therefore, no
significant and unavoidable adverse impacts relating to recreation remain.
6.11.9 Effects Analysis of Alternatives
Alternative 1: 10 Foot Spacing Alternative
Alternative 1 would have a substantially similar or slightly greater impact on recreational users of the
bay as the Project (See Figure 6.11.1). Because Alternative 1 does not involve increased spacing on
Coast’s existing footprint, recreational users would not enjoy the same expanded access to the 100acre mitigation area as under the Project. As with the Project, the potential for interaction with or
impact on recreational boaters remains less than significant under Alternative 1. Further, as with the
Preferred Alternative, there is no expected impact to subtidal areas or primary navigational channels.
With implementation of Conservation Measure REC-2, IMPACT REC-2 would thus be less than
significant. Similarly, because Alternative 1 includes shellfish culture on the same footprint as the
Project, it would have a substantially similar impact on recreational hunting as the Project. However,
upon implementation of Conservation Measure REC-1, IMPACT REC-2 remain less than significant.
There would be no expected IMPACT REC-1 under Alternative 1.
Alternative 2: Reduced Acreage Alternative
Although impacts would be similar, Alternative 2 would be slightly less likely to impact recreation than
the Preferred Alternative due to the reduced acreage of cultivation. The smaller cultivated footprint
also translates into fewer boat trips and boat hours on the bay as compared to the Preferred
Alternative. As compared to existing conditions, Alternative 2 would require an additional 17 boat
trips through the bay per week, or 68 additional boat hours. Because these increases are less than but
very close to the increases required under the Preferred Alternative, the above analysis applies equally
to Alternative 2. Impacts to recreational hunting would also be slightly lessened, given that there would
be less potential overlap with preferred recreational hunting areas. Under Alternative 2, Coast would
continue to implement Conservation Measures REC-1 and REC-2. As with the Preferred Alternative,
IMPACTS REC-1 and REC-2 to be less than significant under Alternative 1.
Alternative 3: Existing Footprint Alternative
Under Alternative 3 there would be no change to the environmental baseline. IMPACTS REC-1 and
REC-2 would therefore be less than significant under Alternative 3.
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Alternative 4: No Project Alternative
Under the No Project Alternative Coast’s existing permit would not be renewed and existing
infrastructure related to shellfish culture would be removed. Total removal of all of Coast’s existing
aquaculture equipment would require up to 2 years if Coast were permitted to phase the removal of
culture and between 3-6 months if removal was required immediately. During the period of active
removal, activity on the beds would be more intense than under existing conditions, with larger crews
needed to harvest all remaining shellfish and remove associated equipment. This burst of activity
would have the potential to impact recreational users and hunters more significantly, particularly if
removal coincides with active hunting seasons. However, after removal, Alternative 4 would have less
of a long-term impact as compared to the Preferred Alternative, given that it would remove all of
Coast’s existing structures. IMPACTS REC-1 and REC-2 are therefore considered less than significant
under Alternative 4.
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6.12 Noise
This section describes present and possible future conditions regarding noise in the Project area. The
significance of effects regarding noise is defined by CEQA Appendix G criteria, based on noise
compatibility standards from the Humboldt County and City of Eureka general plans, and by
applicable noise policies from the Humboldt Bay Management Plan.
6.12.1 Existing Conditions
Although local conditions vary widely, the Humboldt Bay area is generally a relatively quiet setting,
where sound created by human activities is added to a largely natural ambient acoustic setting, which
varies according to location, topographic features, local meteorological conditions, and the proximity
to sound sources (HBMP 2007).
Representative noise sources in the Humboldt Bay area include both stationary and mobile sources:
•
•
•
•

Traffic noise from highways (Highway 101 and State Route 255, including the bridges over
Humboldt Bay) and other traffic corridors.
Activities associated with commercial, industrial, and recreational uses (including those
associated with the Eureka waterfront, Woodley Island, the Samoa Peninsula, and the North
Spit).
Motorized watercraft, boats, ships, navigation aids, and marine-related equipment.
Aircraft, including small planes and helicopters.

However, the overall, time-averaged noise levels appear to be relatively low throughout the area
(HBMP 2007).
The primary noise from existing mariculture operations on Humboldt Bay is from small watercraft
using internal combustion engines (outboard motors). Typically, six small watercraft are used for
Coast’s existing operations (Table 4.1, Project Description). They operate intermittently throughout
the day and night, up to 365 days per year. The outboard motors typically range from 50 to 150
horsepower and generate intermittent noise similar to that generated by other small watercraft in the
bay. They travel primarily between Coast’s facility at 25 Waterfront Drive, Eureka and its existing
mariculture locations on Humboldt Bay (see Figures 4.3 and 4.4, Project Description).
Coast’s existing mariculture operations also periodically generate intermittent noise associated with
generators and mechanical harvesters run during harvest activities. In order to take advantage of
available low tides, harvesting occurs at any time of day or night, for an average of four or six hours
total per day, on an average of approximately four days per week, year-round. Harvesting activities
and associated noise occur at the mariculture sites. In total, harvest activities and small watercraft use
require approximately 218 hours per week of total watercraft run time. 1

Run time is based on the average length of watercraft trips on the bay. Because watercraft are frequently stopped while
work occurs on the beds, the actual time spent with the engine running is likely less than total run time.

1
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6.12.2 Pertinent Laws and Regulations
Relevant noise standards and policies are available from three sources:
•
•
•

The Humboldt County General Plan (County of Humboldt 1984);
The City of Eureka General Plan (City of Eureka 1997); and
The Harbor District’s Humboldt Bay Management Plan (HBMP 2007).

These sources use various noise measurement units, but the measurements are broadly comparable. 2
The Humboldt County General Plan (County of Humboldt 1982) contains a noise compatibility
matrix that establishes requirements to ensure that new development is consistent with the General
Plan (Table 6.12.1).
Table 6.12.1 Humboldt County General Plan Land Use/Noise Compatibility Standards.1
Land Use Category
Residential-Single Family, Duplex, Mobile
Homes
Residential-Multiple Family, Dormitories,
etc.

Maximum
Interior
Exposure
(Ldn)2,3

Land Use Interpretation for Ldn Value4
55

65

75

85

45

CA

CA

NA

NU

NU

NU

CU

CU

CU

CU

45

CA

CA

NA

NU

NU

NU

CU

CU

CU

CU

Transient Lodging

45

CA

CA

CA

CA

NA

NU

NU

CU

CU

CU

School Classrooms, Libraries, Churches

45

CA

CA

CA

NA

NU

NU

CU

CU

CU

CU

Hospitals, Nursing Homes

45

CA

CA

CA

NA

NU

NU

CU

CU

CU

CU

Auditoriums, Concert Halls, Music Shells

35

CA

NA

NA

NU

NU

CU

CU

CU

CU

CU

Sports Arenas, Outdoor Spectator Sports

CA

CA

CA

NA

NU

NU

CU

CU

CU

CU

Playgrounds, Neighborhood Parks
Golf Courses, Riding Stables, Water Rec.,
Cemeteries
Office Buildings, Personal, Business and
Professional
Commercial-Retail, Movie Theaters,
Restaurants
Commercial-Wholesale, Some Retail, Ind.,
Mfg., Util.
Manufacturing, Communications (Noise
Sensitive)

CA

CA

NA

NA

NU

NU

CU

CU

CU

CU

CA

CA

CA

NA

NA

NU

NU

CU

CU

CU

50

CA

CA

CA

CA

NA

NA

NU

CU

CU

CU

50

CA

CA

CA

CA

NA

NA

NU

CU

CU

CU

CA

CA

CA

CA

CA

NA

NA

NU

CU

CU

CA

CA

NA

NA

NA

NU

NU

CU

CU

CU

Livestock Farming, Animal Breeding
Agriculture (except Livestock), Mining,
Fishing

CA

CA

CA

NA

NA

NA

NU

CU

CU

CU

CA

CA

CA

CA

CA

CA

NA

NA

NA

NA

Public Right-of-Way

CA

CA

CA

CA

CA

CA

NA

NA

NU

NU

Extensive Natural Recreation Areas

CA

CA

CA

NA

NA

NA

NU

NU

CU

CU

1: Source: County of Humboldt, 1984
2 The frequently used noise units in these sources are dB (decibels), dBA (“A-weighted” decibels that express relative
loudness of sounds as perceived by the human ear), Lmax (the short-term maximum noise level), the CNEL (the
community noise equivalent level), and the Ldn (the day-night average level).
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Table 6.12.1 Humboldt County General Plan Land Use/Noise Compatibility Standards.1
Land Use Category
2: Ldn: day-night average level
3. Due to exterior sources
4. Land Use Interpretations:
CA: clearly acceptable
NA: normally acceptable
NU: normally unacceptable
CU: clearly unacceptable

Maximum
Interior
Exposure
(Ldn)2,3

Land Use Interpretation for Ldn Value4
55

65

75

85

The City of Eureka’s adopted General Plan (City of Eureka 1997) specifies standards for nontransportation and transportation noise sources. The noise exposure goal of Eureka’s General Plan is
to protect Eureka residents from the harmful and annoying effects of exposure to excessive noise.
For non-transportation related noise, the maximum allowable noise at the property line of lands
designated for noise-sensitive uses cannot exceed 65 decibels (dB) (night) to 70 dB (day).
The Humboldt Bay Management Plan (HBMP 2007) includes one policy related to noise—Harbor
Element Policy HLU-7:
HLU-7: Proposals for bay-related activities approved by the District shall
incorporate appropriate noise control measures to avoid or reduce noise effects
on events and activities carried out near the bay, to the extent feasible.
Policy: The District shall consider the potential noise and vibration effects of
proposals that are subject to the District’s jurisdiction. Should evidence indicate that
the proposed actions may be associated with significant noise- or vibration-related
effects on important cultural or social activities that occur near the bay (including
Native American activities as well as cultural and economic events sponsored by other
governments or by independent groups of bay users), the District shall require that
mitigation measures be incorporated into the activities covered by the proposals in
order to avoid or reduce potentially significant noise and vibration effects to the
greatest extent feasible.
6.12.3 Definition of Significance and Baseline Conditions
Significance criteria are those listed in the CEQA checklist. A project’s effects on noise would be
significant if the project would result in:
1. Exposure of persons to or generation of noise levels in excess of standards established in the
local general plan or noise ordinance, or applicable standards of other agencies.
2. Exposure of persons to or generation of excessive groundborne vibration or groundborne
noise levels.
3. A substantial permanent increase in ambient noise levels in the project vicinity above levels
existing without the project.
4. A substantial temporary or periodic increase in ambient noise levels in the project vicinity
above levels existing without the project.
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5. For a project located within an airport land use plan or, where such a plan has not been
adopted, within two miles of a public airport or public use airport, the project would expose
people residing or working in the project area to excessive noise levels.
6. For a project within the vicinity of a private airstrip, the project would expose people residing
or working in the project area to excessive noise levels.
6.12.4 Effects Analysis of Proposed Project
Noise-sensitive land uses (sensitive receptors) are locations where people reside or where the presence
of unwanted sound could adversely affect the use of the land. Residences, schools, hospitals, guest
accommodations, libraries, churches, nursing homes, auditoriums, concert halls, amphitheaters,
playgrounds, and parks are considered noise-sensitive.
To document noise levels from Coast’s current operations on Humboldt Bay, noise levels were
measured at several bay-side locations while Coast mariculture boats were passing or Coast harvesting
activities were occurring (Figure 6.12.1). Measurements were collected by SHN Engineers &
Geologists on September 8 and 9, 2015, using a Quest Technologies 2100 Sound Level Meter. To
provide a conservative estimate, locations were chosen based on where Project-generated noise would
be greatest, regardless of the proximity of sensitive receptors. A summary of noise readings taken is
provided in Table 6.12.2.

Figure 6.12.1 Locations of Noise Readings Taken of Coast’s Existing Culture Operations.
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Table 6.12.2 Noise Level Measurements Taken of Existing Culture Operations.
Measurement
Number

Date

Location

Noise Source

Approximate
Distance to
Source

Noise
Level

1

9/8/2015

Indian Island Tuluwat
Village bulkhead

Ambient background
(predominantly traffic noise
from Highway 255 and bird
noise)

NA1

41.1-58.0
dB2,3

2

9/8/2015

Indian Island Tuluwat
Village bulkhead

Skiff “Amber G” passing by
(50 hp outboard motor)

183 feet

63.3 dB

3

9/8/2015

Indian Island Tuluwat
Village bulkhead

Skiff “FLUPSY skiff” or “big
skiff” passing by (150 hp
outboard motor)

183 feet

63.8 dB

9/8/2015

Indian Island Tuluwat
Village bulkhead

Longline harvesting vessel
“Mary Elizabeth” passing by
(twin 6-cylinder John Deere
motors)

222 feet

59.1 dB

3,800 feet

41.7-55.72 dB

4

5

9/8/2015

Indian Island Tuluwat
Village bulkhead

Longline harvesting activities
at Gunther Unit 1-1 (water
pump(s), bow thruster(s),
mechanical harvester(s)
operating on “Mary
Elizabeth”)

6

9/9/2015

Indian Island Tuluwat
Village bulkhead

Ambient background
(predominantly traffic noise
from Highway 255)

NA

39.4-61.02 dB

7

9/9/2015

Indian Island Tuluwat
Village bulkhead

Harvest scow for hand-picked
oysters “Elusive” passing by
(twin 6-cylinder John Deere
motors)

240 feet

59.5 dB

8

9/9/2015

Humboldt Bay edge
at Mad River Slough/
Highway 255 bridge

Ambient background
(predominantly traffic noise
from Highway 255)

NA

42.6-73.62 dB

9/9/2015

Humboldt Bay edge
at Mad River Slough/
Highway 255 bridge

Handpicking harvest
operations (retrieval of
handpicking tubs –
generator(s), motor(s),
winch(es) operating on
“Elusive”)

1 mile

44.8 dB

9

1
2
3
4

NA: Not applicable
Noise minimum and maximum over a 5-minute period
dB: decibels
hp: horsepower

Project-related noise level readings ranged from 41.7 dB, recorded from a distance of 3,800 ft during
longline harvesting activities, to 63.8 dB, recorded while Coast’s FLUPSY Skiff, with a 150 horsepower
outboard motor, passed at a distance of 183 ft. Noises from longline harvesting activities include water
pump(s), bow thruster(s), and mechanical harvester(s). There was no noise detectable to the human
ear from Coast’s hand picking operations when measured from the nearest land-based location—the
edge of Humboldt Bay at the Highway 255 bridge across Mad River Slough. In between passing traffic,
a noise level of 44.8 dB was measured from this location, which would have included any detectable
noise from handpicking harvest operations. Ambient sound levels at all sites in the absence of
mariculture-related sources ranged from 39.4-73.6 dB and consisted predominantly of traffic noise
from the Highway 255 bridge. Ambient noises were quietest from the Indian Island Tuluwat Village
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bulkhead (39.4 dB-61.0 dB) and included traffic and bird noises. Ambient noises were highest at the
Humboldt Bay edge at Mad River Slough and were dominated by traffic noises.
The Project does not include any noise or operations that would generate groundborne vibration or
noise. While a portion of the Project is located near Murray Field, a public airport located
approximately 0.9 miles away from the Project boundaries, as described below, it would not generate
excessive noise levels and would be within the ambient noise levels of the airfield. Therefore, these
impacts are not further discussed below.
IMPACT NOISE-1: Generation of noise levels in excess of established standards.
The proposed Project would not substantially change the location or magnitude (loudness) of noise
generating activities, but will slightly increase the frequency of intermittent noise generating activities
(Table 4.4, Project Description). The Project would increase the number of small watercraft Coast
operates from 6 vessels up to 8. As with current operations, the outboard motors would typically range
from 50 to 150 horsepower and would generate intermittent noise similar to that generated by other
small watercraft on the bay. The additional small watercraft would travel primarily between Coast’s
facility at 25 Waterfront Drive, Eureka and the mariculture locations on Humboldt Bay (see Figures
4.3 and 4.4, Project Description) and, as with existing boats, would operate intermittently during all
times of day and night, up to 365 days per year. However, the number of boat trips taken throughout
the bay on a weekly basis would increase by only 18 trips per week.
In addition to small watercraft, the proposed Project would generate additional intermittent noise
associated with increased use of Coast’s existing mechanical harvesters, the Mary Elizabeth and
Elusive. The harvest vessels would make approximately 3 additional trips per week under the Project,
such that harvest activities would take place on the bay 5-6 days per week instead of approximately 4
days per week. As under current conditions, harvesting activities would occur at mariculture sites at
any time of day or night, for between 4 and 6 hours per day, year-round. It total, boat hours on the
bay would increase by a maximum of 74 hours per week over current conditions.
All proposed expansion areas are at least 0.5 miles from nearby highways (Highway 101, Highway
255) and associated viewpoints and are not in close proximity to sensitive receptors. The sensitive
receptors nearest to Project activities are the few residences along the south side of Indian Island and
potentially the Wiyot Tuluwat Village site on Indian Island (during Native American ceremonial
events, for example). The sensitive receptor nearest to the sound readings taken at the Mad River
Slough/Highway 255 Bridge was a private residence located approximately one mile from existing
culture (Figure 6.12.1). When recorded from land at points around the bay, the loudest sound recorded
from Coast’s operations was 63.8 dB, a level compatible with all Land Use Categories in the Humboldt
County General Plan and other established noise standards. No sensitive receptors are located closer
than the locations measured and the noise level measured at each location was below established noise
standards. Further, most of the noise generated by the Project would be less than the recorded ambient
noise and would not be discernable from existing ambient noise conditions.
Because the types of boats and equipment will not change under the Project, the magnitude (loudness)
of noise generated by additional boat trips will not increase from current conditions and noise
measurements collected for existing Coast mariculture operations are representative of noise levels
expected from the Project. None of the noise measurements from Coast’s existing operations
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exceeded applicable standards. Therefore, the Project will not generate noise levels in excess of
established standards and this impact is considered less than significant.
IMPACT NOISE-2: Substantial periodic increase in ambient noise levels in the
Project vicinity.
As described above, the proposed Project is not expected to generate higher (louder) noise levels than
existing operations, although noise generating activities will occur more often. On a one-time basis,
there may be a period of more frequent noise generated while culture equipment is installed in the
expansion areas; however, based on the noise measurements detailed above, this noise is not
anticipated to exceed ambient conditions. The Project’s noise generating activities, both during
longline installation and normal operating conditions, are consistent with the types of noise commonly
experienced on Humboldt Bay and are generally not near sensitive receptors. Therefore, the impact is
considered less than significant and no mitigation is necessary.
6.12.5 Conservation Measures
There are no proposed Conservation Measures.
6.12.6 Level of Significance Before Mitigation
IMPACTS NOISE-1 and NOISE-2 are considered less than significant without mitigation.
6.12.7 Mitigation Measures
No Mitigation Measures are necessary.
6.12.8 Level of Significance After Mitigation
IMPACTS NOISE-1 and NOISE-2 are considered less than significant without mitigation.
6.12.9 Effects Analysis of Alternatives
Alternative 1: 10-Foot Spacing Alternative
Alternative 1 would require the use of the same number of small watercraft as the Project and
watercraft run time would be the same as for the Project. Because noise generating activities would
thus occur with the same frequently as the Project and in the same area as the Project, the above
analysis applies equally for Alternative 1. IMPACTS NOISE-1 and NOISE-2 are thus considered less
than significant for Alternative 1.
Alternative 2: Reduced Acreage Alternative
Alternative 2 would require the use of up to two additional small watercraft (the same as for the
proposed Project) (Table 5.2, Project Alternatives). Alternative 2 would involve approximately 286
hours per week of watercraft run time, including harvesting operations (compared to approximately
292 hours per week for the proposed Project). The frequency of noise generating boat trips through
the bay per week would increase by 17 trips under Alternative 2 rather than the 18 trips proposed
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under the Project. IMPACTS NOISE-1 and NOISE-2 are therefore considered less than significant
for Alternative 2.
Alternative 3: Existing Footprint Alternative
Under Alternative 3, there would be no noise impact compared to baseline conditions, but existing
uses and related noise impacts in the bay would continue. IMPACTS NOISE-1 and NOISE-2 are
therefore considered less than significant for Alternative 3.
Alternative 4: No Project Alternative
Under Alternative 4, all current culture activities would stop and culture equipment would be removed.
Equipment removal would take approximately 3-6 months if culture equipment is removed
immediately and up to 2 years if Coast is allowed to phase removal. During equipment removal, there
would be frequent noise generated; however, based on the noise measurements detailed above, this
noise is not anticipated to exceed ambient conditions. After culture equipment is removed, there
would be a minor benefit to noise levels in the bay because Coast would no longer run boats,
generators, harvest vessels or other equipment and the proposed expansion would not occur.
IMPACTS NOISE-1 and NOISE-2 are therefore considered less than significant for Alternative 4.
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6.13 Transportation/ Traffic
6.13.1 Existing Conditions
Coast’s existing facility is located at 25 Waterfront Drive in the City of Eureka (Figures 4.3); there are
30 on-site parking spaces for employees. Additional parking is available along Waterfront Drive/1st
Street, both on-street and in public parking areas. Roadway capacity and level of service standards are
established by the City of Eureka. Highway 101 runs through the City of Eureka, approximately four
blocks south of Coast’s facility.
Coast has dedicated docks that provide direct Humboldt Bay access from this facility. Coast currently
operates four skiffs, two scows and three harvesting vessels (one for clams, one for hand-picked
oysters, and one for Kumamoto oysters). These vessels primarily travel from Coast docks to
mariculture locations in the bay via main navigation channels and back to the Coast docks. Boat trips
currently total approximately 57 trips per week (Table 4.1, Project Description).
6.13.2 Pertinent Laws and Regulations
The Harbor District’s Humboldt Bay Management Plan (HBMP 2007) contains transportation and
navigation-related policies with relevance to the Project, including:
•

HWM-1: Safe navigation in Humboldt Bay is a priority.

6.13.3 Definition of Significance and Baseline Conditions
Significance criteria are those listed in the CEQA checklist; a project’s effects on transportation/
traffic are significant if the project will:
1. Exceed the capacity of the existing circulation system, based on an applicable measure of
effectiveness (as designated in a general plan policy, ordinance, etc.), taking into account all
relevant components of the circulation system, including but not limited to intersections,
streets, highways and freeways, pedestrian and bicycle paths, and mass transit.
2. Conflict with an applicable congestion management program, including, but not limited to
level of service standards and travel demand measures, or other standards established by the
county congestion management agency for designated roads or highways.
3. Result in a change in air traffic patterns, including either an increase in traffic levels or a
change in location that results in substantial safety risks.
4. Substantially increase hazards due to design features (e.g., sharp curves or dangerous
intersections) or incompatible uses (e.g., farm equipment).
5. Result in inadequate emergency access.
6. Conflict with adopted policies, plans, or programs supporting alternative transportation (e.g.,
bus turnouts, bicycle racks).
6.13.4 Effects Analysis of Proposed Project
The Project would employ between approximately 60-70 additional people living in the local area
(though some positions may be generated elsewhere); it would not likely increase the local population.
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Coast’s existing facilities include 30 parking spaces and there is ample parking available in the vicinity
for new employees. Parking for new employees would be accommodated at Coast’s existing
processing facility, in nearby public parking that is available along 1st Street where the facility is located,
or in other nearby areas of Eureka. The Project would result in a small amount of additional trips from
employees and trucks servicing Coast’s upland facilities to process Coast’s expanded production;
however, the Project would not impact existing roadways or emergency access routes and would not
result in substantial increases in traffic that exceed existing circulation system capacity. Therefore,
these impacts are considered less than significant.
IMPACT TRANS-1: Effects of intertidal culture operations and equipment on
watercraft (e.g. boats, kayaks) navigation.
The intertidal areas proposed for expansion of oyster culture are located outside of the main navigation
channels, which are designated water trail routes for recreational vessels. However, mariculture
equipment, including PVC pipes used to suspend longlines, and the longlines themselves, may
interfere with the movement of shallow draft vessels (e.g. kayaks, canoes and stand-up paddle boards)
over the Project area at certain points in the tidal cycle. This interference would occur only when the
tides are high enough for watercraft to move through intertidal areas outside of the main channels,
but so low that the vessels can’t move readily over the equipment. However, provided that tide levels
are high enough to allow navigation, the wide spacing between longlines (10-ft for cultch and 9 or 16
feet for baskets) will allow for shallow draft vessels to travel in the beds even when the longlines are
exposed by the tide (though direction of travel may be restricted, i.e. parallel to the lines). At high
tides, shallow draft vessels will be able to navigate freely over culture equipment. Given the low
elevation of the proposed longline culture equipment, the additional amount of time that vessels would
be prevented from accessing the Project site as compared to existing conditions would be minimal.
Further, the corners of the culture areas are marked to visibly inform boaters where culture-related
infrastructure is located and Coast will provide a map to the Harbor District annually showing the
locations of its intertidal and subtidal shellfish culture plots that can be shared with recreational
boaters. Coast will also post the map on its website and make electronic copies available upon request.
These efforts limit the possibility of inadvertent contact between small vessels and aquaculture gear.
The Project would also require the use of up to two additional small watercraft and would increase
the total number of boat trips from Coast docks to mariculture areas by approximately 18 trips per
week (from 57 to 75). Small motorized craft such as those proposed to service the expanded culture
area are consistent with existing uses in Humboldt Bay. These additional boat trips are thus not
expected to impact watercraft movement in subtidal areas, including in the primary navigation
channels.
6.13.5 Conservation Measures
This section identifies specific Conservation Measures that have been incorporated into the Project
by Coast and are intended to ensure that the Project maintains a high standard that is environmentally
responsible. Given their critical importance in ensuring that significant impacts are avoided,
Conservation Measures are treated similarly to Mitigation Measures and will be included in the
Mitigation and Monitoring Plan for this EIR. Conservation Measures REC-1 and REC-2, discussed
more fully in Section 6.11, Recreation, will also help to minimize potential impacts associated with
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Transportation/Traffic. Conservation Measure REC-1 is intended to reduce the Project’s potential
impacts to recreational hunting, but will also reduce Project-related boat traffic in the areas and
timeframes identified. Conservation Measure REC-2 is intended to ensure that boaters and other
interested parties have accurate information regarding bed locations to assist with navigation. These
Conservation Measures will be incorporated into the Project and are reiterated below:
Conservation Measure REC-1: Coast shall avoid operations in the mapped area of the
EBMA from midnight until sunset on days designated by CDFW as brant hunting days,
including season opening and closing days (typically brant hunting is limited to Wednesdays,
Saturdays, and Sundays between November 15 and December 15). This conservation measure
shall not apply in the case of emergency conditions or other operations, such as marine debris
removal, required by Coast to comply with other conditions of approval or mitigation
measures, or ensure the safety of its operations.
Conservation Measure REC-2: By December 1 of each year, Coast will submit a current
bed map to the Harbor District for posting on the Harbor District’s website; Coast will also
post the current bed map on its website. The map will describe the locations of all of Coast’s
subtidal and intertidal culture in North Bay. Coast will provide electronic copies of the bed
map upon request.
6.13.6 Level of Significance Before Mitigation
Upon implementation of the Conservation Measures described above, IMPACT TRANS-1 is
considered less than significant without mitigation.
6.13.7 Mitigation Measures
No Mitigation Measures are necessary.
6.13.8 Level of Significance After Mitigation
No mitigation is necessary. IMPACT TRANS-1 is considered less than significant.
6.13.9 Effects Analysis of Alternatives
Alternative 1: 10-Foot Spacing Alternative
The footprint of Alternative 1 is the same as the Project (622 acres) and therefore transportation and
traffic impacts would be substantially the same as for the Project. As with the Project, 10-ft spacing
between rows of cultch-on-longline would allow small watercraft (e.g. kayaks) to maneuver between
the rows when tide height is too low to allow passage over culture equipment. The general Project
area would be the same and impacts to transportation/traffic would be similar to the Project. IMPACT
TRANS-1 would be less than significant under Alternative 1.
Alternative 2: Reduced Acreage Alternative
Although impacts would be similar, Alternative 2 would be slightly less likely to impact
transportation/traffic than the Project due to the reduced acreage of cultivation (210 acres for
Alternative 2 compared to 622 acres for the proposed Project). Alternative 2 would require fewer
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additional workers and result in fewer boat trips than the Project. IMPACT TRANS-1 would be less
than significant under Alternative 2.
Alternative 3: Existing Footprint Alternative
This alternative would be less likely to impact transportation/traffic than the Project because no new
culture activities would occur. Existing aquaculture-related equipment would remain in place and
existing operations would continue. There would be no impact to transportation/traffic compared to
baseline conditions. IMPACT TRANS-1 is therefore considered less than significant under Alternative
3.
Alternative 4: No Project Alternative
Under the No Project Alternative, Coast’s existing permit would not be renewed, all current cultivation
activities would cease, and existing infrastructure related to shellfish culture would be removed. Short
term impacts related to infrastructure removal could occur; however, removal of all aquaculture
equipment would result in less of a long-term impact as compared to the Project. No impact to
transportation/traffic would occur.
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Section 7.0 Cumulative Impacts
Section 15130 of the CEQA Guidelines states that cumulative impacts shall be discussed where they
are significant. It further states that this discussion shall reflect the level and severity of the impact and
the likelihood of occurrence, but not in as great a level of detail as that necessary for the project alone.
Section 15355 of the Guidelines defines cumulative impacts to be "two or more individual effects
which, when considered together, are considerable or which compound or increase other
environmental impacts." Cumulative impacts represent the change caused by the incremental impact
of a project when added to other proposed or committed projects in the vicinity.
The CEQA Guidelines (Section 15130[b][1]) state that the information utilized in an analysis of
cumulative impacts should come from one of two sources:
1) A list of past, present, and probable future projects producing related cumulative impacts,
including, if necessary, those projects outside the control of the agency; or
2) A summary of projections contained in an adopted general plan or related planning document
designed to evaluate regional or area-wide conditions.
Potential cumulative impacts for the Project are primarily limited to North Bay, although a minor
change to Coast’s FLUPSY is proposed in Entrance Bay. Currently, there are four other aquaculture
companies that farm an additional 15 acres of intertidal shellfish in Humboldt Bay and 35 raft
structures (Table 7.1). Hog Island Oyster Company (Hog Island) and Taylor Mariculture LLC (Taylor
Mariculture) have also obtained regulatory approvals to add 21 culture rafts in subtidal areas (15
FLUPSY rafts and 6 nursery rafts). In addition to the Project, there is one other proposal to expand
intertidal and subtidal shellfish culture operations in North Bay: the Harbor District’s Mariculture PrePermitting Project (District Project or Pre-Permitting Project). The Pre-Permitting Project would
increase production of Kumamoto oysters, Pacific oysters, and Manila clams. It may also include
culture of native macroalgae. 1
Table 7.1 Existing and Proposed Culture Activities within Humboldt Bay.
Existing / Approved

No. of Subtidal rafts

Coast

299 acres*

35 rafts

Others

15 acres

56 rafts

Sub-Total

314 acres

91 rafts

Proposed

1

Intertidal Area (acres)

Intertidal Area (acres)

No. Subtidal rafts

Coast

622 acres

8 FLUPSY bins

Pre-Permitting Project

266 acres**

3.1 acres***

The Harbor District released a Final Environmental Impact Report for the Pre-Permitting Project in February 2016
(Harbor District 2016). Due to difficulties negotiating leases with private tideland owners, the FEIR proposed pursuing
only the subtidal portions of the Per-Permitting Project. However, the Harbor District is continuing to negotiate with
tideland owners to allow the intertidal portions of the Pre-Permitting Project to move forward in the future. The Harbor
District anticipates that it will implement a reduced acreage of intertidal culture (likely no more than 177 acres) when
and if the intertidal portions of the Pre-Permitting Project move forward.
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Sub-Total

888 acres

3.1 acres

TOTAL EXISTING &
91 rafts and 3.1 acres of additional
1,202 acres**
PROPOSED
subtidal culture
* Coast has approximately 299 acres of intertidal shellfish culture in the Bay, with another 1 acre occupied by
subtidal rafts.
** Maximum acreage. The Pre-Permitting Project was originally proposed at 266 acres of intertidal culture,
however, due to difficulties securing leases with private property holders, it is likely that the Pre-Permitting
Project will go forward on no more than 177 acres of tidelands.
*** Based on the maximum allowable surface area for subtidal rafts under the Pre-Permitting Project EIR.

The cumulative amount of potential human presence would increase with the various shellfish
aquaculture projects. As discussed in Section 4.0, above, a maximum of 18 additional boat trips/week
are expected throughout the bay in order to maintain the Project, increasing the number of boat hours
necessary to maintain the beds and conduct harvest and planting activities by 74 hours per week. It is
likely that the same culture methods used in either the Project or the District Project will require a
similar number and frequency of site visits for operation, maintenance, planting, and harvesting,
although the District Project allows culturalists flexibility in determining what culture method to
pursue, making accurate predictions of boat traffic difficult. However, because the District’s Project
is smaller in spatial scale to Coast’s expansion project, fewer boat trips will likely be needed on a daily
and weekly basis.
The following is a description of the potential cumulative effects associated with the Project and
proposed mitigation measures to reduce cumulative impacts to less than significant levels, as feasible
and appropriate.

7.1 Cumulative Impacts: Cultural, Archeological Resources and Tribal
Cultural Resources
The existing and expanded mariculture activities are not expected to impact cultural and archeological
resources because such resources are unlikely given the intertidal and subtidal locations of all proposed
and existing projects, and there are no identified or known historic, archaeological, or cultural
resources in these areas. Similar to the Project, posts and stakes placed in the substrate to secure
shellfish culture equipment could potentially disturb previously undiscovered or unknown historic,
archaeological or tribal cultural resources. Additionally, such resources could be discovered by
culturists when working in intertidal areas.
The existing and expanded mariculture activities are also not expected to significantly impact biological
resources that are considered tribal cultural resources. Potential impacts to eelgrass resources, which
are important to tribal ceremony and subsistence activities, are expected to remain below the no-netloss threshold of significance. Potential impacts to other resources with significance as tribal cultural
resources, including brant and other waterfowl, are also expected to be less than significant.
In general, the other proposed and existing mariculture in Humboldt Bay is expected to have the same
types of potential impacts as the Project. However, other proposed projects (e.g., the Pre-Permitting
Project) include mitigation measures and/or best management practices to reduce potential effects to
archeological, cultural, and tribal cultural resources. As such, cumulative impacts are considered less
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than significant with incorporation of the mitigation identified in Section 6.4.7 (Conservation
Measures BIO-1 through BIO-10; Mitigation Measures CR-1, CR-2 and CR-3; and Mitigation
Measures BIO-1, BIO-1 and BIO-3).

7.2 Cumulative Impacts: Biological Resources
The following discussion is related to the cumulative impacts to biological resources from the
proposed shellfish aquaculture projects in Humboldt Bay. This information largely draws from studies
presented above in Section 6.5.
7.2.1 Shellfish Aquaculture and Aquatic Habitats in Humboldt Bay
The cumulative amount of potential spatial overlap with habitat in North Bay from existing culture,
the Project, and the Pre-Permitting Project is equivalent to approximately 27.3% of eelgrass in North
Bay and 16.3% of the intertidal habitat in North Bay overall (Figure 7.1; Table 7.2). 2 It is important to
understand that overlap with habitat is not a quantification of impact because impacts occur in discrete
areas of each culture area.
Table 7.2 Spatial Overlap of Existing and Proposed Expansion Projects with Habitats in
North Bay.
Area

Subtidal
Channel
Habitat

Non
Eelgrass

Intertidal Habitat
Patchy Eelgrass

Continuous
Eelgrass

North Bay (acre)*
1127.2
3535.5
1928.2
1890.0
Existing Culture
Culture Area (acre)
3.5
22.5
265.4
26.4
Habitat Overlap (%)
0.3%
0.6%
13.8%
1.4%
All Proposed Expansion Areas
Culture Area (acre)
3.1*
133.4
333.7
417.0
Habitat Overlap (%)
0.3%
3.8%
17.3%
22.1%
Sources: NOAA 2012; Wagschal, pers. comm., 2015 (GIS layers for Pre-Permitting Project).
* Values for North Bay are reported as MHW, which is a similar comparison made for other estuaries along
the West Coast when comparing habitat overlap.
**Although intertidal expansion areas for Coast include approximately 4.1 acres of subtidal channel habitat,
no culture would be planted in tidal channels, including a 10-ft buffer; therefore, that value was taken
out of this calculation and only actual overlap with subtidal channel habitat (e.g., floating culture) was
included.

2

The Project also includes a minor increase in the size of Coast’s FLUPSY in Central Bay, totaling 72 square feet.
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Figure 7.1

Existing and Proposed Shellfish Aquaculture in Humboldt Bay.

Source: GIS layers provided by Wagschal, pers. comm., 2015.
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7.2.1.1

Cumulative Impacts of Overwater Structures

While the Project represents a fairly inconsequential amount of additional overwater structure (72 ft2),
the Pre-Permitting Project would add more overwater structure to North and Entrance bays (3.1
acres). However, even this acreage represents a small component to overwater structure, or 0.3%, of
subtidal habitat in North Bay overall 3. As discussed in Section 6.5 above, the literature associated with
effects from overwater structure center around the concern that structure will increase the amount of
ambush predators that would feed on juvenile salmonids and forage fish. The literature cited in Section
6.5 above (Cardwell and Fresh 1979, Salo et al. 1980, Ratté and Salo 1985) do not report a significant
effect to salmonids associated with piers and pilings. A site-specific study was conducted in Humboldt
Bay to address the question of increased predation (Kalson and Kramer 2015). That study found seven
species of fish under and around floating clam rafts in Humboldt Bay. None of the seven species were
considered predators on salmonids and longfin smelt. Effects from the cumulative addition of
overwater structure would likely be similar, and so are considered less than significant.
7.2.1.2

Cumulative Impacts to Unstructured Intertidal Habitat

The cumulative amount of shellfish aquaculture activities in unstructured habitat would be 156 acres
(see Table 7.2), although only a portion would have gear present within this area. As discussed in
Section 6.5 above, there are certain species (e.g., California halibut and black brant) that tend to avoid
structure and prefer open sand or mudflat habitat and others that are structure-oriented (e.g., fish in
the families Cottidae and Embiotocidae). However, the majority of fish species that use the shallow
intertidal areas of North Bay are using it as nursery habitat (Pinnix et al. 2005, Schlosser and Eicher
2012). Increased structured habitat can improve conditions for smaller fish species that use the shallow
tideflats for forage and refugia.
One of the main themes in the literature related to changes in intertidal habitats from shellfish
aquaculture is the concept of food-web implications, especially in relation to locations where
aquaculture is a dominant portion of the estuary (e.g., France). For example, Leguerrier et al. (2004)
reported that off-bottom culture in an intertidal mudflat in Marennes-Oléron Bay covering 4,448 acres
(or 16% of the bay), and at densities of 200 oysters/m2, could benefit fish and crabs due to an
enhanced food supply. Similarly, Castel et al. (1989) indicated that the presence of oysters on rackand-bag structures covering 2,471 acres of intertidal habitat augmented meiofauna biomass in the Bay
of Arcachon (France). Castel et al. (1989) also reported a reduction in macrofaunal abundance
associated with the racks, but indicated that this may have been a product of increased predation,
which benefited the slightly larger organisms (e.g., fish and birds) rather than the benthic invertebrates
present in the sediment. According to a literature review of off-bottom aquaculture by Forrest et al.
(2009), the available information suggests that changes to fish are often viewed as neutral or positive.
Increased species diversity and refugia and nursery habitat provided by oyster aquaculture is
considered by many researchers to be an improved ecological function compared to sand or mudflat
habitat. The increase in ecological function provided by the placement of oysters in areas of mud or
sandy habitat is also considered an improved condition or passive mitigation, similar to how the
transplant or expansion of eelgrass into mud or sandy habitats would be considered an improved
3

Note that part of this development would be in Central Bay, which would make this percentage of overwater structure
even smaller when also adding the additional habitat in Central Bay.
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condition or serve as mitigation. There are a number of examples in the literature where oyster culture
in estuaries, at much higher proportions than is being cumulatively proposed in Humboldt Bay,
supports the food-web within that system (e.g., Leguerrier et al. 2004, Dubois et al. 2007, Lin et al.
2009). The amount of unstructured habitat altered is a relatively minor portion of the overall habitat
in North Bay. Overall, cumulative impacts to unstructured habitat are considered less than significant.
7.2.1.3

Cumulative Impacts to Eelgrass Habitat

The Project and Pre-Permitting Project are located primarily in eelgrass, although the Project is
proposed primarily in continuous eelgrass compared to the Pre-Permitting Project which is primarily
in patchy eelgrass. The habitat overlap of each Project in relation to North Bay is provided in
Table 7.3. The location of each project is a product of the lease area available for culture operations.
Table 7.3 Overlap with Eelgrass Habitat for the Proposed Intertidal Projects.
Area
Non Eelgrass*
Patchy Eelgrass
Continuous Eelgrass
North Bay (acre)**
1127.2
3535.5
1928.2
Coast Project
Project (acre)
23.8
184.4
409.7
Habitat Overlap (%)
2.1%
5.2%
21.3%
Harbor District Pre-Permitting Project
Pre-Permitting Project (acre)***
109.6
149.3
7.3
Habitat Overlap (%)
9.7%
4.2%
0.4%
Sources: NOAA 2012; Wagschal, pers. comm., 2015 (GIS layers for Pre-permitting Project).
*Acreages given does not include subtidal channel habitat.
**Values for North Bay are reported as MHW, which is the same as that reported by Barnhart et al. (1992)
and similar to other metrics reported for West Coast estuaries when comparing habitat overlap.
***The given acreages likely substantially overestimate the Pre-Permitting Project’s overlap with intertidal
habitats as the intertidal portion of the Harbor District Project is likely to move forward with a
significantly reduced acreage (177 acres rather than 266 acres).

The amount of proposed shellfish aquaculture in Humboldt Bay and potential cumulative impacts to
eelgrass are similar in scale to those studied in a large-scale project conducted in Willapa Bay,
Washington (Dumbauld and McCoy 2015). Willapa Bay is similar to Humboldt Bay in many respects.
For example, it has a large tidal exchange, well-mixed water column, is relatively shallow (62% is
intertidal out of 88,464 acres total), and has nine small rivers contributing to the total watershed. Most
importantly, Willapa Bay has a large eelgrass meadow on 27% to 38% of the intertidal habitat (~1520,000 acres). Oyster aquaculture occurs on up to 22% (12,340 acres) of the intertidal habitat in
Willapa Bay, with a significant overlap occurring with eelgrass habitat.
Dumbauld and McCoy (2015) modeled eelgrass density in Willapa Bay, Washington. A number of
parameters were modeled, including: (1) distance to mouth, (2) distance to channel, (3) salinity,
(4) elevation, (5) cumulative wave stress, and (6) shellfish aquaculture. The model results indicated that
eelgrass density was lower in oyster aquaculture beds, but the impact directly associated with
aquaculture represented less than 1.5% of the total predicted eelgrass in Willapa Bay. The authors
suggested that, overall, aquaculture resulted in a minor change to eelgrass at the landscape scale
Coast Seafoods Company
Recirculated Draft EIR

7-6

Humboldt Bay Harbor District
July 2016

because the effect of culture was variable enough at smaller spatial scales so as to eliminate a significant
effect at the landscape scale. Further, this minor change may be offset by other important ecological
functions provided by the shellfish. According to Forrest et al. (2009), “the acceptability of aquaculture
operations or new developments should recognize the full range of effects, since adverse impacts may
be compensated to some extent by the nominally ‘positive’ effects of cultivation.”
The Project is providing mitigation for potential impacts to eelgrass (Mitigation Measure BIO-1). The
short-term impacts associated with shellfish aquaculture would be outweighed by the long-term net
benefits provided by shellfish and the proposed mitigation associated with the Project. If significant
impacts to eelgrass are associated with the Pre-Permitting Project, they would require mitigation prior
to permitting. Therefore, potential cumulative impacts to eelgrass will be fully mitigated and remain
less than significant.
7.2.1.4

Cumulative Impacts to Other Habitat Parameters

Three other habitat concerns are addressed in this EIR: (1) sediment distribution and tidal circulation,
(2) water quality, and (3) sediment quality. The largest alteration of sediment distribution and dynamics
in Humboldt Bay continues to be the dredging of channels for navigational purposes. Volumes
dredged in the main shipping channels average 143,000 cubic yards (cy) per year, with 113,000 cy on
average occurring in Eureka Channel (Corps 2012). Historically, oyster harvesting practices (oyster
dredging) may have also caused changes in sediment distribution (Barnhart et al. 1992). Oyster
dredging is no longer utilized as a method for harvesting oysters in Humboldt Bay.
Sediment Distribution and Tidal Circulation

Intertidal shellfish gear can alter hydrodynamics, reduce flow rates, and change sedimentation
associated with the structures. This effect is very similar to that of eelgrass habitat (Gambi et al. 1990,
Short and Wyllie-Echeverria 1996, Williams and Heck 2001, Hendriks et al. 2008, Duarte et al. 2013).
The majority of intertidal culture proposed in Humboldt Bay is in eelgrass habitat (750.7 acres or 85%
of the proposed intertidal culture). Adding culture to eelgrass habitat would not significantly affect
hydrodynamics and sedimentation compared to conditions in existing eelgrass beds. This was
confirmed by initial sampling performed by Rumrill and Poulton (2004), which showed that sediment
deposition associated with cultch-on-longline aquaculture was minor. There is more potential to
change sedimentation by adding structure to open sand- and mudflat habitats, which would occur on
133.4 acres (or 15% of the proposed intertidal culture). Based on a study by Forrest and Creese (2006),
the mean sedimentation rate increased almost three times that of an adjacent control area under rackand-bag structures on mudflats. However, the authors reported that even this increased sedimentation
rate did not change the overall farm elevation from a normal shore profile. Cumulative impacts are,
therefore, considered less than significant.
Water Quality

Filter feeding shellfish may locally reduce turbidity and represent a net removal of nitrogen from
Humboldt Bay, as well as transfer nutrients from the water column to the sediments. However, even
at the culture densities proposed, the turbidity changes are likely too small to represent a measurable
change from natural variation. The net removal of nitrogen is beneficial, as it compensates for
anthropogenic additions of nitrogen, but data are not adequate to quantitatively compare
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anthropogenic nitrogen influx to the amount that is sequestered in shellfish tissue and shell. Shellfish
filtration may become more valuable as nutrient input increases within coastal communities (Shumway
et al. 2003, Burkholder and Shumway 2011, Kellogg et al. 2013).
Oyster culture has the potential to increase contaminants in the water column from accidental releases
associated with the use of work skiffs for accessing culture rafts, oyster beds and associated areas. All
companies that would operate in Humboldt Bay would implement a number of Conservation
Measures (e.g., HAZ-1 through HAZ-3 for the Project) to minimize the potential for spills and to
reduce impacts from spills that do occur. For example, boats would be fueled at the local commercial
fuel dock, maintain oil spill absorption pads, and wash decks would be sealed and fueling areas isolated
prior to fueling so as to prevent any contaminants from entering the water. Overall, even with the
increased number of operators proposed in Humboldt Bay, this impact is considered less than
significant with the adherence to appropriate Conservation Measures.
Sediment Quality

The final habitat concern for cumulative impacts is sediment quality, which can be understood through
the literature associated with culture densities that far exceed what is proposed in Humboldt Bay.
According to a review of more than 200 studies related to off-bottom culture by Forrest et al. (2009),
the authors indicated that “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’.” In general, the culture proposed in
Humboldt Bay is of low density relative to that studied in the dominant body of literature. Similar to
the comparison used in Section 6.5, Mallet et al. (2006) reported that oysters from South St-Simon
Bay (New Brunswick) raised at a biomass ranging between 4 and 8 kg/m2 in an 86.5-acre oyster lease
using rack-and-bag and floating bag culture showed no significant differences in sediment chemistry
between the culture and control sites. Comparatively, in Humboldt Bay, the cumulative biomass of
oysters would be 0.36 kg/m2 (based on values presented in the Humboldt Bay Mariculture Carrying
Capacity Analysis (Carrying Capacity Analysis) (attached as Appendix G) for cultured shellfish
biomass in dry tissue weight). In addition, there are many similarities as St-Simon Bay, including
characteristics such as a shallow open bay with excellent water exchange. Therefore, similar effects as
reported by Mallet et al. (2006) would be expected for the cumulative amount of oysters proposed for
Humboldt Bay. Therefore, this impact is considered less than significant.
7.2.2 Shellfish Aquaculture and Benthic Communities
Four potential impacts to benthic communities are discussed in relation to the Project in Section 6.5.
The cumulative effects associated with trampling, introduction of NIS and fouling organisms, and
establishment of non-native bivalves are not likely to result in significant impacts. Even with an
increase in culture area, the intensity and frequency of access to individual locations remains low
compared to the thresholds discussed in the literature where impacts were observed (e.g., Eckrich and
Holmquist 2000, Rossi et al. 2007). Additionally, the same management and habitat conditions that
reduce the potential for introduction of NIS or the establishment of non-native bivalve species will
be imposed for all projects. Therefore, these cumulative impacts are considered less than significant.
The addition of gear and bivalves represent a potential for different species to colonize and take
advantage of the structured habitat. Although there would be a higher degree of change to species
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composition consistent with more proposed aquaculture, cumulative impacts would not be significant.
As above, the majority of studies related to changes from increased biodeposition and the resulting
changes to community structure are related to rack-and-bag culture in France, which consists of
culture at densities that far exceed what is proposed in Humboldt Bay. For example, the areal extent
of culture in Pertuis Charentais (SW France), which includes Marennes-Oléron Bay, extends over
9,884 acres (Bouchet and Sauriau 2008), which is orders of magnitude greater than what is proposed
for the cumulative amount of aquaculture in Humboldt Bay. Even in these estuaries where oyster
culture encompasses a large portion of the estuary, there is not a clear indication that culture is
negatively affecting the stability of the system (e.g., Leguerrier et al. 2004).
There are, however, examples where estuaries have been overstocked on occasion (e.g., MarennesOléron Basin), which resulted in poor growth and high mortality of the oysters. It is in the oyster
farmer’s (and regulatory body’s) interest to ensure that stocking densities within North Bay do not
exceed ecological carrying capacity or production carrying capacity. According to the Carrying
Capacity Analysis (Appendix G) for the cumulative amount of culture in Humboldt Bay, filtration
pressure was shown to range between 5% and 9%, depending on a range of clearance rates, which
indicates that the “vast majority of carbon fixed by phytoplankton remains available to non-cultured
species.” In addition, the phytoplankton turnover rate was calculated to replace itself several times per
day. Overall, the analysis concluded that the existing and proposed culture would have some
cumulative effect on Humboldt Bay food resources, but there is an abundance of food available and
cultured species will not significantly affect the food resources in the bay. This was considered a
conservative result, given that the analysis only calculated change to phytoplankton and did not
account for other sources of productivity (e.g., detritus, benthic microalgae, biodeposits).
Both the literature and the recent carrying capacity analysis for Humboldt Bay support the conclusion
that cumulative impacts to benthic communities are less than significant.
7.2.3 Shellfish Aquaculture and Marine Fish and Wildlife Species
Species do not use all types of habitat to the same degree, as discussed above in Section 6.5. The
cumulative impacts to individual species or species groups are discussed below.
7.2.3.1

Cumulative Impacts to Dungeness Crab

Juvenile Dungeness crabs primarily use the main channels in the Bay. Use of near channel habitat was
documented up to approximately 75 m from the channel margin (Williamson 2006). The cumulative
amount of shellfish aquaculture (existing and proposed) within all habitats of North Bay represents
16.3% of the intertidal habitat available. Crabs are typically structure-oriented species, and an increase
of structured habitat would likely benefit Dungeness crabs. No other factors (e.g., human disturbance,
prey resources, or obstructions to access or migration corridors) are likely to result in a significant
effect, even cumulatively.
There are studies of impacts from derelict fishing gear and crab pots that create a risk of capturing
and killing a range of marine invertebrates, fish, birds, and marine mammals (e.g., Matsuoka et al.
2005, Gilardi et al. 2010). However, entanglement of Dungeness crabs is considered unlikely due to:
(1) oyster longlines and rack-and-bag structures are not designed with the intention of trapping
organisms (i.e., much different than fishing gear and crab pots), and (2) longlines and rack-and-bag
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structures are placed a minimum of 0.7 ft off the bottom, and crabs would be able to access the area
under the lines when the habitat is inundated (or even when the habitat is exposed). According to an
analysis of tidal height over the last 20 years (Wagschal, pers. comm., 2015 and revised values for the
Project in Table 6.5.12), proposed intertidal aquaculture in Humboldt Bay would remain inundated
between 70% and 80% of the year. Note that this calculation does not include the tidal elevations
where crabs can access more shallow inundation areas or even exposed areas. Therefore, cumulative
impacts to Dungeness crab are considered less than significant.
7.2.3.2

Cumulative Impacts to Pacific Lamprey

Use of Humboldt Bay by Pacific lamprey is unknown, but it is likely that there is some amount of
foraging and migration through shallow intertidal areas when Pacific lamprey migrate to and from
spawning streams (e.g., predominantly between February and July). Pacific lamprey may also occur in
areas occupied by proposed subtidal culture rafts. Rafts will occupy only 0.6% of available subtidal
habitat in North Bay and will not impact Pacific lamprey in any stage of their life history. Overall,
effects to Pacific lamprey are likely similar to those expected for salmonids, given the similarity in life
history and use of bays and estuaries. (Please refer to a discussion of cumulative impacts associated
with salmonids below.) Human disturbance, habitat degradation or alteration, reduction in prey
resources, and obstructions to migration corridors are all considered cumulatively less than significant.
7.2.3.3

Cumulative Impacts to Sturgeon (Green and White Sturgeon)

Sturgeon are a relatively large species (4.5 to 7 ft in length) that likely use Humboldt Bay during nonspawning migrations. Sturgeon move into estuaries up and down the West Coast taking advantage of
foraging opportunities in bays and estuaries along the way. During the summer and early fall months,
sturgeon will remain in bays for weeks to months at a time. The primary habitats where sturgeon
would be located in Humboldt Bay include the main channels and unstructured habitat, of which there
would be an overlap of 3.5% with shellfish aquaculture based on the cumulative amount of culture
both existing and proposed (see Table 7.2).
Overall, if sturgeon are present in shallow habitats of the bay, then Coast employees would easily
avoid them because there are obvious signs of activity (e.g., rolling and splashing). They occur
primarily in the main channels, and would access near channel habitat when inundated. There would
be some increase in boat traffic through the main channels associated with expanded culture areas,
however the increase is expected to be minimal compared to existing uses (see above and Section 4.0).
As above, proposed intertidal aquaculture structures would be inundated between 70% and 80% of
the year (Wagschal, pers. comm., 2015 and revised for the Project in Table 6.5.12). Sturgeon forage
primarily in mudflat habitat and on fish in the channels. Adding structure to mudflat habitat represents
a change, but does not mean that sturgeon would be restricted from these areas. Sturgeon have been
documented feeding in the 2.5-ft to 3-ft longline spacing in Willapa Bay (Patten and Norelius 2016).
It is notable that Willapa Bay is used more frequently and intensely by sturgeon than Humboldt Bay.
In addition, Willapa Bay has a diversity of culture types, including ground culture methods that do
exclude sturgeon (Moser et al. in press), and it does not appear that sturgeon are food-limited or
habitat-limited in that estuary.
Overall, spatial overlap of proposed culture does not represent a significant portion of the habitat that
sturgeon are likely using, there would be a low frequency of activity within the majority of proposed
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culture areas, and limited indication that structures would represent a problem for migration and
access. Therefore, cumulative impacts to sturgeon are considered less than significant.
7.2.3.4

Cumulative Impacts to Salmonids (Coho Salmon, Chinook Salmon,
Steelhead, and Coastal Cutthroat Trout)

Salmonids in Humboldt Bay primarily use either the main channels during their outmigration (e.g.,
Pinnix et al. 2013) or the tidal portions of Humboldt Bay tributaries (Wallace 2006, Wallace and Allen
2007, Wallace and Allen 2015). This pattern is similar for other salmonids along the West Coast.
Simenstad et al. (1982) indicated that most anadromous salmonids that rear for an extended time in
freshwater (e.g., coho salmon, Chinook salmon, steelhead trout, cutthroat cutthroat) will be oriented
toward deeper water when they are present in estuaries. However, the early migrant juveniles of chum,
pink, and fall Chinook salmon use the shallower margins of estuaries for a few weeks in the spring
before moving into deeper water as they grow larger (Simenstad and Eggars 1981, Simenstad et al.
1982). Information developed by these researchers suggests that coho and other salmonids are not
substantially using the locations where oyster longline culture is being proposed, but there may be
more overlap with early migrant juveniles. The cumulative amount of habitat overlap represents 16.3%
of habitat in North Bay that could be used by salmonids.
There is no indication from the existing data that salmonids will be significantly affected by the
presence of shellfish aquaculture if they encounter it during outmigration or rearing. Much of the
research suggests that estuaries with aquaculture may enhance habitat for salmonids, or at least
represent a neutral effect. For example, Magnusson and Hilborn (2003) assessed the survival of coho
and fall Chinook salmon released from West Coast hatcheries with respect to three characteristics: (1)
size of the estuary, (2) percentage of the estuary that is in natural condition, and (3) presence of oyster
culture in the estuary. While Humboldt Bay was not one of the estuaries assessed, the results suggested
that oyster culture was not having an adverse impact on salmon survival in estuaries where there were
substantial salmonid runs. Willapa Bay, which has a 150+ year history of extensive oyster culture in
dense eelgrass beds, had the highest coho salmon survival. Grays Harbor, also an important oyster
farming estuary, had the third highest coho survival of the twenty estuaries included in the study.
Despite the large number of oyster cultivation operations in Willapa Bay and Grays Harbor (over 25%
of the oysters consumed in the U.S. are grown in these estuaries), these Washington estuaries have
some of the best released coho salmon survival among the areas examined.
A recent study by Dumbauld et al. (2015) analyzed whether intertidal oyster aquaculture in Willapa
Bay effects the distribution and feeding ecology of juvenile salmonids. The study identified no
significant differences in the density of juvenile salmonids caught in the four habitat types analyzed
(undisturbed open mudflat, seagrass, channel habitats, and oyster aquaculture), and few significant
associations with the prey items that the fish consumed. In other words, the majority of salmon that
were found over low intertidal habitats were not dependent on structured habitat (e.g., eelgrass or
oyster aquaculture) for prey items. The final conclusion by Dumbauld et al. (2015) was that:
Permanent or ‘press’ disturbances like diking marshes, dredging and filling shallower
estuarine habitats and even hardening shorelines would be expected to have significant
impacts for other stocks and life history variants with smaller juveniles that utilize
upper intertidal areas (Fresh 2006; Bottom et al. 2009), but our research suggests that
short term ‘pulse’ disturbances like aquaculture which alter the benthic substrate in
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lower intertidal areas used primarily by larger juvenile salmon outmigrants may pose a
less significant threat to maintaining resilience of these fish populations.
Based on the literature discussed above from estuaries that have a much higher amounts of oyster
aquaculture, and a variety of culture methods throughout the estuaries, the amount of culture
proposed in Humboldt Bay would result in less than significant cumulative impacts to salmonids
7.2.3.5

Cumulative Impacts to Forage Fish (Longfin Smelt and Pacific
Herring)

Forage fish (e.g., fish in the families Osmeridae and Clupeidae) are an important dietary resource for
higher trophic-level fish and marine mammals. Four species of Osmeridae (or the smelt family) were
collected by Pinnix et al. (2005) in both eelgrass habitat and oyster growing areas in Humboldt Bay,
including longfin smelt. Larval smelt was one of the dominant species in the otter trawl sampling in
January 2003 to 2006 in a small eelgrass bed near the entrance to the bay (Garwood et al. 2013). Pinnix
et al. (2005) also collected three species of Clupeidae (or the herring family) from oyster growing areas
and eelgrass, including Pacific herring. The authors reported that Pacific herring was one of the
dominant species during their surveys and the purse seine was especially effective at capturing
schooling mid-water fishes such as herring.
As established from the studies discussed in Section 6.5, above, forage fish are common in the shallow
intertidal habitat of Humboldt Bay, especially Pacific herring. There are approximately 884 acres of
intertidal shellfish aquaculture proposed in Humboldt Bay and 314 acres of existing intertidal culture,
which represents 16.3% of the intertidal habitat in North Bay overall. Human disturbance from all
projects is considered less than significant, given the low intensity and frequency of access to individual
areas, even though the total amount of habitat represents a wide range of areas where forage fish
would be found. Similarly, potential impacts to prey resources are considered less than significant,
based on the less than significant changes expected to benthic communities.
The only potentially significant overlap with forage fish habitat is that of Pacific herring spawning
habitat, especially within the East Bay Management Area. However, as discussed above, herring only
appear to use approximately 10% of the available habitat to spawn (Mello and Ramsay 2004), and can
successfully use aquaculture gear for a spawning substrate. Mitigation Measure BIO-1 would provide
more eelgrass habitat in the EBMA, and Mitigation Measure BIO-2 would avoid impacts to spawn
that occurs in or near aquaculture plots. While spawning on aquaculture gear can result in increased
desiccation, the tradeoff is decreased predation than spawn would experience at lower elevations
where more fish predators are found.
Overall, cumulative impacts to forage fish are considered less than significant.
7.2.3.6

Cumulative Impacts to Groundfish (Rockfish and California Halibut)

The groundfish species assessed in Section 6.5, above, primarily use Humboldt Bay as nursery habitat
(e.g., rockfish, flatfish)—a total overlap of 16.3% in North Bay—or migration and foraging habitat
(California halibut). Similar to other fish species discussed above, there is a potential to disturb
groundfish during oyster aquaculture activities. However, the level of disturbance is considered less
than significant based on the frequency and duration of activities. When culture areas are accessed in
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the dry, fish would not be present in the area. When areas are accessed when inundated, fish easily
would be able to avoid locations where work is being done. Data collected by Pinnix et al. (2005) in
North Bay, indicates that fish abundance and diversity (including juvenile rockfish and flatfish species)
is higher in oyster culture areas and eelgrass habitat compared to open mudflats. Additionally, as
discussed above, there is no indication that prey resources would be negatively affected. Therefore,
cumulative impacts to groundfish are considered less than significant.
7.2.3.7

Cumulative Impacts to Marine Mammals (California Sea Lion, Harbor
Seal, and Harbor Porpoise)

Marine mammals, especially harbor seals, are primarily located in the main channels and in haul-out
areas. Some marine mammals produce and use sound for various biological functions, including social
interactions, foraging, orientation, and predator detection. Interference with producing or receiving
sounds could have adverse consequences to individuals or populations, including impaired foraging
efficiency from masking, altered movement of prey, increased energetic expenditures, and temporary
or permanent hearing threshold shifts due to chronic stress from noise (Southall et al. 2007). The
increase in boat trips associated with the Project and Pre-Permitting Project are expected to be
minimal, and such increases will be small compared to existing boat use of the available channels.
Human disturbance is therefore considered similar to baseline conditions and within the range that
marine mammals are accustomed to in Humboldt Bay.
The Pre-Permitting Project sites and Project’s expansion areas were selected to avoid established
marine mammal haul-out areas. The main overlap with the Project and existing haul-out locations is
at Sand Island, where oyster aquaculture has occurred for over 60 years. There are strict Conservation
Measures associated with potential disturbance to marine mammals. Conservation Measure BIO-11
includes not conducting activities when a marine mammal is observed hauled out in or near a culture
area ready for planting, scheduled maintenance, or harvesting until the mammal has left on its own
and without provocation, and Mitigation Measure BIO-3 prohibits aquaculture activities within
100 m of MHHW on Sand Island. Strict adherence to these Measures would ensure that potential
cumulative impacts to marine mammals remain less than significant.
7.2.3.8

Cumulative Impacts to Black Brant

The Project’s potential impacts on black brant associated with reduction in foraging opportunity,
increased human disturbance, and loss of grit sites is assessed in Section 6.5, above. The PrePermitting Project also has the potential to result in similar impacts to black brant and thus, there is
potential for cumulative impacts associated with the District Project and the Project.
The intertidal portion of the Project will occur primarily within areas of continuous eelgrass (409 acres)
with smaller proportions of the Project footprint occurring in patchy eelgrass (184.4 acres) and other
habitats. The bay-wide reduction in eelgrass biomass available to brant (i.e., the impact to brant
foraging due to infrastructure) as a result of the Project was estimated to be less than 3% (no-net-loss
predicted). In fact, the project is predicted to result in a net increase in eelgrass biomass and the
functional loss of eelgrass to brant due to infrastructure is not expected to result in project-specific
significant energetic constraints to brant. The intertidal portion of the District Project will mostly
avoid dense eelgrass beds, which represent more energetically favorable foraging habitat, with most
of the footprint of that project occurring in patchy eelgrass (approximately 56%) and a very small
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proportion (approximately 2.7%) occurring in dense eelgrass. While the temporal loss of dense
eelgrass beds within the District’s aquaculture footprint could result in additional loss of foraging
totaling a fraction of a percent of the bay-wide eelgrass availability, the reduction is not expected to
result in delayed emigration or other energetic effects. Moreover, the District has proposed a buffer
around eelgrass plants within its lease areas, such that a reduction in eelgrass availability is unlikely to
occur as a result of the District Project. The cumulative effects of the Project and the District Project
associated with a reduction in foraging opportunity for brant are thus considered less than significant
under CEQA.
Impacts on black brant associated with human disturbance as a result of increased boat traffic and
human presence was also assessed in Section 6.5, above. As assessed using the Stillman et al. (2015)
framework, the Project is not expected to result in disturbances approaching thresholds likely to
energetically constrain brant (i.e., 10% level of disturbance time). As discussed in Section 6.5, increased
disturbance due to boat traffic related to the Project is predicted to represent a very small increase
(less than 0.5%) in brant disturbance due to a Project-related increase in boat traffic in the Bay. The
District Project occupies a smaller footprint than the Project and thus, the increase in boat traffic due
to the District Project is predicted to be even less than that the traffic associated Coast’s existing
culture and the Project.
Because the District Project will primarily avoid eelgrass, there is less potential for brant to be
disturbed by culturists working on District sites in the (higher-elevation) intertidal areas. However, as
discussed above, the proposed projects will result in a small increase in boat traffic in the main
channels of Humboldt Bay that could result in cumulative effects on brant. While it is not possible to
quantify an interaction between repeated boat disturbance and reduction in foraging ability (i.e., at
lower tides), conservatively it can be assumed that brant may abandon foraging areas along main
boating channels and other areas of repeated disturbance. This is most likely to occur along the largest
channels, particularly the main channel north of Indian Island. The northern shore of Indian Island
(east of the Samoa Bridge) has been identified as a potential gritting site. Although the Project will
avoid this area, the District Project includes a site that occurs in that vicinity (Intertidal 3), thus some
gritting areas may be exposed to disturbance as well. As a result, brant may shift some of their
distribution within North Bay to avoid repeated disturbance and some portion of individuals may
respond by shifting to South Bay, where the majority of the brant distribution has occurred historically.
In addition to the very small increase in boat traffic associated with these projects relative to existing
conditions, the ability for brant and other waterbirds to acclimate to some level of disturbance should
also be considered. Currently, brant are distributed roughly equally between the two basins (and
eelgrass biomass is also similar in the two basins) despite the current level of aquaculture occurring in
North Bay. This suggests that brant have adjusted their behavior (i.e., become acclimated to some
levels of disturbance) to some extent to exploit areas of eelgrass abundance, and it is unlikely that
brant would completely abandon most foraging sites, particularly those that receive little disturbance,
such as longline areas (as opposed to rack-and-bag areas). A shift in brant distribution could result in
higher levels of grazing in less disturbed areas.
Thus, based on: (1) the analytical approach used in the October DEIR based on Stillman et al. 2015;
(2) the impacts of a reduction in foraging availability due to Project infrastructure of < 3%; (3) the
likely low impacts of the District Project on eelgrass availability (outlined above); (4) the small increase
in boat disturbance to brant due to both projects relative to existing conditions (<1%); (5) taking into
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account current brant foraging over and around existing culture; and (6) the species apparent
adaptability to move around in the Bay system, the cumulative impacts of the Project and the District
Project to brant are considered less-than-significant under CEQA.
7.2.3.9

Cumulative Impacts to Roosting Birds

Many birds roost on structures within Humboldt Bay, including double-crested cormorants, California
brown pelicans, Caspian terns, Forster’s terns, elegant terns, and several gull species. These birds roost
on rafts or other structures, as well as on Sand Island. Noise and other sources of human disturbance
can cause them to flush from the area. These disturbances have energetic costs associated with flight
while birds search for alternative roost sites. The movement of boats and culturists associated with
the projects may result in cumulative effects to roosting birds. However, culturists will primarily use
the main channels to access intertidal sites. Birds are unlikely to flush from roosts when boats move
through the channels, as roosting birds would be acclimated to regular boat traffic in those areas. It is
expected that roosting birds in the bay are generally habituated to human disturbance, given that birds
often roost on sites that are near human activity (e.g., docks, piers, etc.), and that individuals that are
not habituated to regular human disturbance will roost in more remote areas of the bay. Roost sites in
the bay are not a limited resource, as there are numerous unoccupied roost sites in the bay year-round.
Therefore, although there is increased potential for cumulative effects associated with disturbance to
roosting birds, the impact is considered less than significant under CEQA.
7.2.3.10

Impacts to Nesting Birds

Sand Island occurs in the north-central portion of North Bay. Double-crested cormorants and Caspian
terns nest on Sand Island and human disturbance associated with Project operations in the vicinity of
the island has the potential to flush nesting Caspian terns and double-crested cormorants.
Disturbances could result in the loss of eggs and/or chicks, and potentially nest or colony
abandonment. Human disturbance associated with the District’s Project also has the potential to
impact the Sand Island colony; however, the lease sites associated with the District Project do not
occur near Sand Island and boats associated with the District Project are not expected to traverse the
north-central part of North Bay, as access to the higher elevation intertidal sites occur via the main
channels. Mitigation Measure BIO-2 also requires Coast to maintain a 100-meter buffer around the
MHHW line of Sand Island, avoiding the potential for the Project to impact nesting birds. Therefore,
cumulative impacts to nesting birds are not expected to occur and are considered less than significant
under CEQA.
7.2.3.11

Cumulative Impacts to Birds from Artificial Lighting

Artificial lighting is known to have adverse effects on wildlife, including birds. However, the Project
will not result in additional permanent lighting and new lighting will be used infrequently by culturists
working at culture areas at night. The District’s Project will also involve new lighting but will be limited
to boats and culturists, and potentially new floating rafts. New lighting on District Project rafts will
include shielded light fixtures to avoid light spillage into adjacent areas. Thus cumulative impacts
associated with artificial lighting are considered less than significant under CEQA.
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7.2.3.12

Cumulative Impacts to Wigeon and other Waterfowl

As discussed above, boat traffic and the presence of personnel associated with the Project could
disturb waterfowl, causing birds to flush from foraging areas and reducing temporal and/or spatial
access to food. Human disturbance associated with the Project can result in increased energetic costs
as well as a reduction in foraging opportunity. The waterfowl species most likely affected by the Project
is American wigeon, which occur in low densities on the bay in winter when they feed on both
emergent and floating eelgrass. As discussed in detail in Section 6.5.4 for wigeon and other waterfowl,
and in more detail in Section 6.5.4 for black brant (potential impacts to that species are greater than
for other waterfowl), the Project is not expected to result in significant impacts to waterfowl foraging
opportunities or in human disturbance such that waterfowl are energetically constrained in regards to
emigration or breeding. The District Project is also not expected to significantly affect waterfowl
foraging primarily because that project largely avoids dense eelgrass areas and mainly occurs in higherelevation unvegetated mudflats. While there is potential for both projects to result in cumulative
effects on waterfowl through increased disturbance, this impact is not expected to be significant given
that waterfowl in the Bay are already somewhat habituated to the current level of human disturbance
from boat traffic and other activities. Moreover, the highest densities of wigeon in the bay coincide
with winter waterfowl hunting, indicating that winter habitat use is not strongly influenced by
disturbance. As such, cumulative foraging and disturbance-related impacts to American wigeon and
other waterfowl are considered less than significant under CEQA.
7.2.3.13

Cumulative Impacts to Migratory Shorebirds

The Project’s potential impacts on shorebirds associated with reduction in foraging opportunity and
increased human disturbance are assessed in detail in Section 6.5. The District Project also has the
potential to result in impacts to shorebirds and thus there is potential for cumulative impacts
associated with both projects.
Humboldt Bay is an important estuary for migrating and wintering shorebirds in the Pacific Flyway.
Although Project-related impacts to shorebird foraging may occur, the effects are expected to be less
than significant under CEQA based on existing evidence of shorebird use of aquaculture sites;
specifically, the low tidal elevation of the Project site generally does not support substantial shorebird
use. The District Project has greater potential to affect shorebirds, as it occurs in higher-elevation
mudflats that represent more typical foraging habitat for shorebirds (i.e., they are inundated less
frequently). However, as more fully described in the Pre-Permitting Project Draft EIR, foragingrelated impacts to shorebirds as a result of the District Project are expected to be less than significant.
Further, given that the two projects differ in elevation type and habitat type, they are unlikely to affect
foraging resources to the same extent and thus cumulative impacts to shorebird foraging from both
projects are expected to be less than significant.
Increased human disturbance from both the Project and District Project may result in a reduction in
foraging opportunity and increased energetic costs for shorebirds. However, shorebirds are unlikely
to be flushed by boats moving through channels to or from aquaculture sites, as shorebirds occur on
exposed flats and boats move through subtidal areas. For instance, during a reconnaissance site visit
associated with brant surveys, shorebirds were observed foraging under longlines in close proximity
to the passing boat and they did not typically flush or alter behavior as the boat passed by. As such,
the greatest impact to shorebirds related to human disturbance likely occurs when culturists directly
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access aquaculture sites, which may be at low tides when shorebirds can be present. In some cases,
there will be higher levels of disturbance, such as rack-and-bag culture sites that experience almost
daily activities, while sites with cultch-on-longlines will experience infrequent levels of disturbance
(i.e., once/month for inspections, other than harvest and planting). Therefore, shorebirds may avoid
areas that receive frequent disturbance, but they are unlikely to be regularly disturbed in areas with
cultch-on-longline, which represents the majority of the proposed culture associated with the Project.
Thus, even though there will be effects associated with both aquaculture projects, cumulative impacts
to shorebirds are expected to be less than significant under CEQA.

7.3 Cumulative Impacts: Aesthetics and Visual Resources
Existing and other proposed mariculture in Humboldt Bay (including the Pre-Permitting Project) have
similar impacts on aesthetic and visual resources as the Project. In combination with other proposed
shellfish aquaculture development, the proposed Project would result in a substantial expansion of
shellfish culture equipment in North Bay over baseline conditions. However, the findings made for
the Project’s impacts on aesthetics and visual resources apply similarly when considering cumulative
impacts. Particularly, the culture equipment is low profile, produces minimal glare, is often submerged,
and the use is consistent with the character of North Bay. In addition, the District Project will utilize
shaded lights to reduce light spread and glare. As with the existing culture equipment (Figures 6.6.46.6.7), the proposed culture equipment has limited visibility from most public vantage points. This
cumulative impact is considered less than significant.

7.4 Cumulative Impacts: Air Quality
Existing and other proposed mariculture in the bay (including the Pre-Permitting Project) will have
similar air quality impacts as the Project. However, because other projects are also expected to comply
with adopted air quality plans and AQMD regulations, this cumulative impact is considered less than
significant with incorporation of the mitigation identified in Section 6.7.7 (Mitigation Measure AQ-1).

7.5 Cumulative Impacts: Greenhouse Gas Emissions
Existing and other proposed mariculture in the bay (including the Pre-Permitting Project) will have
similar GHG emission impacts as the Project. However, the level of GHG emissions resulting from
shellfish culture (i.e., boat use and storage, processing/cleaning, and transportation of shellfish) in
Humboldt Bay is considered minor, particularly relative to the amount of food that will be produced
and other activities in the region (the existing setting). Therefore, this cumulative impact is considered
less than significant.

7.6 Cumulative Impacts: Hydrology and Water Quality
Existing and other proposed mariculture in the bay (including the Pre-Permitting Project) will have
similar effects on hydrology and water quality as the Project. However, the findings made for the
Project’s impacts on hydrology and water quality apply similarly when considering cumulative impacts,
particularly because other projects are expected to take similar precautions (i.e., best management
practices and mitigation measures) not to impact water quality. Additionally, the assessment of the
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Project’s effects on the abundance of suspended organic matter and potential competition for this
food source between cultured shellfish and other filter feeders (Impact BIO-9; Appendix G) is a
cumulative analysis and the impact is found to be less than significant. Therefore, this cumulative
impact is considered less than significant.

7.7 Cumulative Impacts: Hazards and Hazardous Materials
Existing and other proposed mariculture in the bay (including the Pre-Permitting Project) will have
similar effects regarding hazards and hazardous materials as the Project and the effect is cumulative.
However, the findings made for the Project’s impacts regarding hazards and hazardous materials apply
similarly when considering cumulative impacts, particularly because other projects are expected to take
similar precautions to minimize the potential for oil or other spills in the bay (i.e., Conservation
Measures HAZ-1, HAZ-2 and HAZ-3) so as not to cause impacts related to hazards and hazardous
materials. In addition, the Project and District Project are expected to employ similar mitigation
measures to minimize potential impacts related to marine debris (Mitigation Measures HAZ-1 through
HAZ-5). Therefore, this cumulative impact is considered less than significant.

7.8 Cumulative Impacts: Recreation
Existing and other proposed mariculture in the bay (including the Pre-Permitting Project) will have
similar effects to recreation as the Project. While the Project and Pre-Permitting Project would both
result in increased employment, it is expected that employees would be hired from the local
community. The projects are not anticipated to generate a significant increase in population or
recreational uses that would result in an increased demand for recreational facilities. The findings made
for the Project’s impacts on recreational users of Humboldt Bay apply similarly when considering
cumulative impacts, particularly because potential impacts would only occur during certain tide heights
and would be limited to areas outside of navigation channels. In addition, the Project employs
Conservation Measures REC-1 and REC-2 to minimize potential impacts to recreation as far as
feasible. Therefore, the cumulative effect on recreation is considered less than significant.

7.9 Cumulative Impacts: Noise
Existing and other proposed mariculture in the bay (including the Pre-Permitting Project) will have
similar noise-related effects as the Project. However, the findings made for the Project’s noise-related
impacts apply similarly when considering cumulative impacts, because noise generating activities from
mariculture are consistent with the types of noise commonly experienced on Humboldt Bay and are
generally not near sensitive receptors. Therefore, this cumulative impact is considered less than
significant.

7.10 Cumulative Impacts: Transportation/Traffic
Existing and other proposed culture in the bay (including the Pre-Permitting Project) will have similar
effects to transportation/traffic as the Project. The findings made for the Project’s impacts on
transportation/traffic apply similarly when considering cumulative impacts, particularly because the
projects would not substantially increase the local population, this impact would occur only during
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certain tide heights, the culture areas would be marked, and potential impacts would be limited to
areas outside of navigation channels. The cumulative effect on transportation/traffic is considered
less than significant.

Coast Seafoods Company
Recirculated Draft EIR

7-19

Humboldt Bay Harbor District
July 2016

Section 8.0 References
Adkins, J. Y., and D. D. Roby. 2010. A Status Assessment of the Double-Crested Cormorant
(Phalacrocorax auritus) in Western North America. Final Report submitted to U.S. Army Corps
of Engineers, Portland, Oregon. Prepared by USGS Oregon Cooperative Fish and Wildlife
Research Unit, Oregon State University, Corvallis, Oregon.
Alexandre, A., R. Santos, and E. Serrão. 2005. Effects of clam harvesting on sexual reproduction of
the seagrass Zostera noltii. Marine Ecology Progress Series. 298: 115-122.
Allen, S.G., D. Ainley, G. Page, and C. Ribic. 1984. The effect of disturbance on harbor seal haul
out patterns at Bolinas Lagoon, California. Fishery Bulletin 82(3):493-500.Anglin, D.R. 1994.
Lower Klamath River instream flow study: Scoping evaluation for the Yurok Indian
Reservation. USFWS. Lower Columbia River Fishery Resource Office, Vancouver,
Washington. 46 pp (as cited in CDFW 2015b).
Andres, B. A., P. A. Smith, R. I. G. Morrison, C. L. Gratto-Trevor, S. C. Brown, and C. A. Friis.
2012. Population estimates of North American shorebirds, 2012. Wader Study Group
Bulletin 119:178–194.
Angliss, R. P. and B.M. Allen. 2009. Alaska marine mammal stock assessments, 2008. Publications,
Agencies and Staff of the US Department of Commerce, 11.
Attrill, M.J., J.A. Strong, and A.A. Rowden. 2000. Are macroinvertebrate communities influenced by
seagrass structural complexity? Ecography 23:114-121.
Austin, J. E., C. M. Custer, and A. D. Afton. 1998. Lesser scaup (Aythya affinis). No. 338 in A. Pool
and F. Gill, editors. The Birds of North America. The Academy of Natural Sciences,
Philadelphia, Pennsylvania and American Ornithologists' Union, Washington, D.C.
Bailey, K. M., and E. D. Houde. 1989. Predation on eggs and larvae of marine fishes and the
recruitment problem. Adv. Mar. Biol. 25, 82 p.
Baldwin, J. R., and J. R. Lovvorn. 1994. Habitats and tidal accessibility of the marine foods of
dabbling ducks and brant in Boundary Bay, British Columbia. Marine Biology 120:627–638.
Bargmann, G., W. Palsson, C. Burley, D. Friedel, and T. Tsou. 2011. Puget Sound Rockfish
Conservation Plan and Final Environmental Impact Statement. Washington Department of
Fish and Wildlife, Fish Program, Olympia, Washington.
Barnhart, R.A., M.J Boyd, and J.E. Pequegnat. 1992. Ecology of Humboldt Bay, California: An
Estuarine Profile, U.S. Fish and Wildlife Service, Biological Report 1, Washington, D.C., 121
pp.
Barrett, E.M. 1963. The California oyster industry. Scripps Institution of Oceanography Library.
http://scilib.ucsd.edu/sio/

Coast Seafoods Company
Recirculated Draft EIR

8-1

Humboldt Bay Harbor District
July 2016

Beamish, R.J. 1980. Adult biology of the river lamprey (Lampetra ayresi) and the Pacific lamprey
(Lampetra tridentata) from the Pacific coast of Canada. Can. J. Fish. Aquat. Sci. 37:19061923.Bell, S.S., K. Kern, and J.C. Walters. 1984. Meiofauna from seagrass habitats: a review
and prospectus for future research. Estuaries 7:331-338.
Benson, R.L., S. Turo, and B.W. McCovey, Jr. 2007. Migration and movement patterns of green
sturgeon (Acipenser medirostris) in the Klamath and Trinity rivers, California, USA.
Environ. Biol. Fish. 79:269-279.
Bishop, M.A. and S.P. Green. 2001. Predation on Pacific herring (Clupea pallasi) spawn by birds in
Prince William Sound, Alaska. Fish Oceanography 10(1): 149-158.
Bjerre, E. 2007. Optimal Grit: Investigating Grit Acquisition and Site Use by Black Brant. Thesis.
Humboldt State University, Arcata, California.
Bloeser, J. 2000. Biology and population structure of California halibut, Paralichthys californicus, in
Humboldt Bay, California. Masters of Science thesis, Humboldt State University, Arcata,
California. 112 pp.
Boese, B.L., B.D. Robbins, and G. Thursby. 2005. Desiccation is a limiting factor for eelgrass
(Zostera marina L.) distribution in the intertidal zone of a northeastern Pacific (USA)
estuary. Botanica Marina 48(4):274-283.
Boese, B.L., J.E. Kaldy, P.J. Clinton, P.M. Eldridge, and C.L. Folger. 2009. Recolonization of
intertidal Zostera marina L. (eelgrass) following experimental shoot removal. J. Exp. Mar.
Biol. Ecol. 374:69-77.
Boldt, K.V., C.A. Nittrouer, and A.S. Ogston. 2013. Seasonal transfer and net accumulation of fine
sediment on a muddy tidal flat: Willapa Bay, Washington. Continental Shelf Research
60: S157-S172.
Bollens, S.M. and A. Sanders. 2004. Ecology of larval Pacific herring Clupea pallasi in the San
Francisco Estuary: Seasonal and interannual abundance, distribution, diet and condition.
Amer. Fish. Soc. Symp. 36:15-35.
Borgeld, J.C. and A.W. Stevens. 2005. Humboldt Bay, California: Surface sediments 2000-2001.
Proceedings of the 2004 Humboldt Bay Symposium: Current perspectives on the physical
and biological processes of Humboldt Bay, March 15, 2004, Eureka, California.
Boström, 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.
Bottom, D.L., C.A. Simenstad, J. Burke, A.M. Baptista, D.A. Jay, K.K. Jones, E. Casillas, and M.H.
Schiewe. 2005. Salmon at River’s end: The role of the estuary in the decline and recovery of
Columbia River salmon. U.S. Dept. Commer., NOAA Tech. Memo. NMFSNWFSC-68, pg.
246.
Bottom, D.L., K. Jones, C.A. Simenstad, and C.L. Smith. 2009. Reconnecting social and ecological
resilience in salmon ecosystems. Ecology and Society 14:5.
Coast Seafoods Company
Recirculated Draft EIR

8-2

Humboldt Bay Harbor District
July 2016

Bouchet, M.V.P., and P.G. Sauriau. 2008. Influence of oyster culture practices and environmental
conditions on the ecological status of intertidal mudflats in the Pertuis Charentais (SW
France): a multi-index approach. Marine Pollution Bulletin 56, 1898–1912.
Bowden, D.A., A.A. Rowden, and M.J. Attrill. 2001. Effect of patch size and in-patch location on
the infaunal macroinvertebrate assemblages of Zostera marina seagrass beds. J. Exp. Mar. Biol.
Ecol. 259:133-154.
Boyd, M. J., T.J. Mulligan, and F.J. Shaughnessy. 2002. Non-indigenous marine species of Humboldt
Bay, California.
Brendan, L. 2015. Habitat shifts and foraging performance of American Wigeon in winter. Thesis.
Humboldt State University, Arcata, California.
Brindock, K. M., and M. A. Colwell. 2011. Habitat selection by western snowy plovers during the
nonbreeding season. Journal of Wildlife Management 75:786–793.
Brodeur, R.D., E.A. Daly, M.V. Sturdevant, T.W. Miller, J.H. Moss, M.E. Thiess, M. Trudel, L.A.
Weitkamp, J. Armstrong, and E. Norton. 2007. Regional Comparisons of Juvenile Salmon
Feeding Ecology in Coastal Marine Waters off the West Coast of North America. American
Fisheries Society Symposium 57:183-203.
Brooks, K. 1995. Long term response of benthic invertebrate communities associated with the
application of carbaryl (Sevin) to control burrowing shrimp, and an assessment of the habitat
value of cultivated Pacific oyster (Crassostrea gigas) beds in Willapa Bay, Washington, to fulfill
requirements of the EPA carbaryl data call in. 69 pp.
Burkholder, J.M. and S.E. Shumway. 2011. Bivalve shellfish aquaculture and eutrophication. In: S.E.
Shumway (ed). Shellfish Aquaculture and the Environment. Wiley‐Blackwell, West Sussex,
UK.
Burkholder, J.M., D.A. Tomasko, and B.W. Touchette. 2007. Seagrasses and eutrophication. Journal
of Experimental Marine Biology and Ecology 350(1-2):46-72.
Burns, J. 2008. Encyclopedia of Marine Mammals. Pp. 533-541 in W Perrin, B Wursig, J Thewissen,
eds. Harbor Seal and Spotted Seal, Vol. 1, 2 Edition. New York, NY: Academic Press.
Caldow, R. W. G., R. A. Stillman, S. Durell, A. D. West, S. McGrorty, J. D. Goss-Custard, P. J.
Wood, and J. Humphreys. 2007. Benefits to Shorebirds from Invasion of a Non-Native
Shellfish. Proceedings of the Royal Society of Biological Sciences 274.
Capitolo, P. J., H. R. Carter, R. J. Young, G. J. McChesney, W. R. McIver, R. T. Golightly, and F.
Gress. 2004. Changes in Breeding Population Size of Brandt’s and Double-Crested
Cormorants in California, 1975–2003. Unpublished report. Humboldt State University,
Department of Wildlife, Arcata, California.
Cardwell, R and K.L. Fresh. 1979. Predation upon juvenile salmon. Draft technical paper,
September 13, 1979. Washington Department of Fisheries. Olympia, Washington.
Coast Seafoods Company
Recirculated Draft EIR

8-3

Humboldt Bay Harbor District
July 2016

Cardwell, R and K.L. Fresh. 1979. Predation upon juvenile salmon. Draft technical paper,
September 13, 1979. Washington Department of Fisheries. Olympia, Washington.
Carretta, J.V., K.A. Forney, M.S. Lowry, J. Barlow, J. Baker, D. Johnston, B. Hanson, R. L. Brownell
Jr., J. Robbins, D.J. Mattila, K. Ralls, M.M. Muto, D. Lynch, and L. Carswell. 2009. U.S.
Pacific Marine Mammal Stock Assessments: 2009. NOAA-TM-NMFS-SWFSC-453.
Carrier, J.C., J.A. Musick, and M.R. Heithaus (eds). 2012. Biology of sharks and their relatives,
second edition. CRC Press, Taylor & Francis Group, Boca Raton, Florida.
Castel, J., Labourg, P.J., Escaravage, V., Auby, I., Garcia, M.E. 1989. Influence of seagrass beds and
oyster parks on the abundance and biomass patterns of meiobenthos and macrobenthos in
tidal flats. Estuar. Coast. Shelf Sci. 28:71–85.
CDFG (California Department of Fish and Game). 2006. Final Supplemental Environmental
Document (FSED), Pacific Herring Commercial Fishing Regulations (Sections 163, 163.5,
and 164, Title 14, California Code of Regulations). Edited by State of California. The Natural
Resources Agency.
CDFG (now CDFW). 2008. Pacific Herring. In: Status of the Fisheries Report – An update through
2006. Report to the Fish and Game Commission as directed by the Marine Life Management
Act of 1998. California Department of Fish and Game Marine Region.
CDFG (now CDFW). 2009. A status review of the longfin smelt (Spirinchus thaleichthys) in California.
Report to the Fish and Game Commission. State of California, The Resources Agency.
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=10263
CDFW. 2013. Status of the Fisheries Report an Update through 2011. Report to the California Fish
and Game Commission as directed by the Marine Life Management Act of 1998. California
Department of Fish and Wildlife, Marine Region. January 2013.
CDFW. 2015a. Species Explorer. CDFW, Sacramento, California.
https://nrm.dfg.ca.gov/taxaquery/TaxonSearch.aspx (assessed on September 9, 2015)
CDFW. 2015b. Species of Special Concern. CDFW, Nongame Program, Sacramento, California.
http://www.dfg.ca.gov/wildlife/nongame/ssc/ (accessed on September 9, 2015)
CDFW. 2016a. Species Explorer. CDFW, Sacramento, California.
https://nrm.dfg.ca.gov/taxaquery/TaxonSearch.aspx (assessed on June 9, 2016)
CDFW. 2016b. Species of Special Concern. CDFW, Nongame Program, Sacramento, California.
http://www.dfg.ca.gov/wildlife/nongame/ssc/ (accessed on June 9, 2016)
CeNCOOS (Central and Northern California Ocean Observing System). 2016. URL:
http://www.cencoos.org/sections/conditions/changing_ocean.shtml (accessed on
November 10, 2014)
Cho, H.J. and M.A. Poirrier. 2005. A model to estimate potential submersed aquatic vegetation
habitat based on studies in Lake Pontchartrain, Louisiana. Restoration Ecology. 13: 623-629.
Coast Seafoods Company
Recirculated Draft EIR

8-4

Humboldt Bay Harbor District
July 2016

City of Eureka. 1997. City of Eureka General Plan, as amended in 2008. Eureka, California.
Clausen, P. 2000. Modeling water level influence on habitat choice and food availability for Zostera
feeding brant geese Branta bernicla in non-tidal areas. Wildlife Biology 6:75–87.
Coast (Coast Seafoods Company). 1997. Management plan for Coast Seafood Company commercial
shellfishing in Humboldt Bay, California. July 10, 1997.
Coen, L.D., R.D. Brumbaugh, D. Busek, R. Grizzle, M.W. Luckenback, M.H. Posey, S.P. Powers,
and S.G. Tolley. 2007. Ecosystem services related to oyster restoration. Marine Ecology
Progress Series 341, 303–307.
Cohen, A. E. and J.T. Carlton. 1995. Nonindigenous aquatic species in a United States estuary: A
case study of the biological invasion of the San Francisco Bay and Delta. Report prepared
for the US Fish and Wildlife Service and the National Sea Grant College Program,
Connecticut Sea Grant. NOAA Grant Number NA36RG0467.
Cole, M.E. 2004. Distribution of fish species in Humboldt Bay, Humboldt County, California, USA:
A GIS perspective. Masters of Science Thesis, Humboldt State University, Arcata, California.
Colwell, M. A. 1994. Shorebirds of Humboldt Bay, California: Abundance estimates and
conservation implications. Western Birds 25:137–145.
Colwell, M. A., and R. L. Mathis. 2001. Seasonal variation in territory occupancy of non-breeding
long-billed curlews in intertidal habitat. Waterbirds 24:208–216.
Colwell, M. A., and S. L. Dodd. 1997. Environmental and habitat correlates of pasture use by
nonbreeding shorebirds. Condor 99:337-334.
Colwell, M. A., J. J. Meyer, M. A. Hardy, S. E. McAllister, A. N. Transou, R. R. LeValley, and S. J.
Dinsmore. 2011. Western snowy plovers Charadrius alexandrinus nivosus select nesting
substrates that enhance egg crypsis and improve nest survival. Ibis 153:303–311.
Colwell, Mark. Professor. Humboldt State University. 12 September 2015—conversation with Scott
Demers of H. T. Harvey & Associates.
Corps (U.S. Army Corps of Engineers). 2012. Five-year programmatic environmental assessment
and 404(b)(1) analysis: Humboldt Harbor and Bay Operations and Maintenance Dredging
(FY 2012-FY2016). Humboldt Bay, Humboldt County, California. U.S. Army Corps of
Engineers, San Francisco District, California.
Costa, S.L. 1982. Changes in channel sediment characteristics 1974 and 1980, Humboldt Bay,
California. As an addendum. In: Bott et al. 1982. A survey of the benthic invertebrate
communities in the channels of central Humboldt Bay: Final project report.
County of Humboldt. 1982. Humboldt County General Plan, Volume II, Humboldt Bay Area Plan
of the Humboldt County Local Coastal Program, Certified 1982, Revised December 2014.

Coast Seafoods Company
Recirculated Draft EIR

8-5

Humboldt Bay Harbor District
July 2016

County of Humboldt. 2012. Humboldt 21st Century General Plan Update. Humboldt County,
Community Development Services Department, Eureka,
California.http://co.humboldt.ca.us/gpu/documentsplan.asp (accessed on January 11, 2012
by H.T. Harvey and Associates).
Cross, J.N., K.L. Fresh, B.S. Miller, C.A. Simenstad, S.N. Steinfort, and J.C. Fegley. 1978. Nearshore
fish and macroinvertebrate assemblages along the Strait of Juan de Fuca including food
habits of the common nearshore fish. Report of two years of sampling. University of
Washington, National Oceanic and Atmospheric Administration. September 1978.
Dale, G. 2015. Personal communication regarding Coast Seafoods operations and species
observations in Humboldt Bay. Coast Seafoods Company. October 2015.
GDale@coastseafoods.com
Dale, G. 2016. Personal communication regarding Coast Seafoods operations and species
observations in Humboldt Bay. Coast Seafoods Company. July 2016.
GDale@coastseafoods.com
Daly, E.A., R.D. Brodeur, and L.A. Weitkamp. 2011. Ontogenetic shifts in diets of juvenile and
subadult coho and chinook salmon in coastal marine waters: important for marine survival?
Transactions of the American Fisheries Society. 138: 1420-1438.
Dame, R.F., R.G. Zingmark, and E. Haskin. 1984. Oyster reefs as processors of estuarine materials.
J. Exp. Mar. Biol. Ecol. 83:239-247.
Danufsky, T., and M. A. Colwell. 2003. Winter shorebird communities and tidal flat characteristics at
Humboldt Bay, California. Condor 105:117–129.
David, A.T., C.A. Simenstad, J.R. Cordell, J.D. Toft, C.S. Ellings, A. Gray, and H.B. Berge. 2016.
Wetland Loss, Juvenile Salmon Foraging Performance, and Density Dependence in Pacific
Northwest Estuaries. Estuaries and Coasts 39(3):767-780.
DBURP (Dyett & Bhatia Urban and Regional Planners). 2002. Humboldt 2020 General Plan
Natural Resources and Hazards Report.
De Robertis, A. and N.O. Handegard. 2012. Fish avoidance of research vessels and the efficacy of
noise-reduced vessels: A review. ICES Journal of Marine Science oi:10.1093/icesjms/fss155
Dennison, W.C. 1987. Effects of light on seagrass photosynthesis, growth and depth
distribution. Aquatic Botany 27(1):15-26.
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, 867–874.
Denson, E. P., and W. W. Bentley. 1962. The migration and status of waterfowl at Humboldt Bay,
California. The Murrelet 43:19–28.

Coast Seafoods Company
Recirculated Draft EIR

8-6

Humboldt Bay Harbor District
July 2016

Dewey, W., J.P. Davis, and D.C. Cheney. 2011. Shellfish aquaculture and the environment: An
industry perspective. Pages 33-50. In: S.E. Shumway (ed). Shellfish Aquaculture and the
Environment. Wiley‐Blackwell, West Sussex, UK.
DFO (Department of Fisheries and Oceans Canada). 2014. 2013/2014 Fraser River Eulachon
Integrated Fisheries Management Plan Summary. Department of Fisheries and Oceans
Canada, Pacific region, Vancouver BC. Available at http://www.pac.dfo-mpo.gc.ca/fmgp/mplans/2013/eulachon-eulakane-sm-2013- (accessed September 9, 2015).
Drawbridge, M.A. 1990. Feeding relationships, feeding activity and substrate preferences of juvenile
California halibut, Paralichthys californicus, in coastal and bay habitats. M.S. thesis, San Diego
State Univ., San Diego, California, 214 pp. (as cited in Valle et al. 1999).
Duarte, C. M., and K. Sand-Jensen. 1990. Seagrass colonization: Biomass development and shoot
demography in Cymodocea nodosa patches. Marine ecology progress series. Oldendorf,
67(1), 93-103.
Duarte, C.M., I.J. Losada, I.E. Hendriks, I. Mazarrasa, and N. Marbà. 2013. The role of coastal plant
communities for climate change mitigation and adaptation. Rev. Nat. Clim. Change 3, 961–
968.
Dubois, S., J.C. Marin-Léal, M. Ropert, and S. Lefebvre. 2007. Effects of oyster farming on
macrofaunal assemblages associated with Lanice conchilega tubeworm populations: a trophic
analysis using natural stable isotopes. Aquaculture 271, 336–349.
Dumbauld, B., D. Armstrong, and T. McDonald. 1993. Use of oyster shell to enhance intertidal
habitat and mitigate loss of Dungeness crab (Cancer magister) caused by dredging. Can. J.
Fish. Aquatic Science 50:381-390.
Dumbauld, B., D. Holden, and O. Langness. 2008. Do sturgeon limit burrowing shrimp populations
in Pacific Northwest Estuaries? Environmental Biology of Fishes. 83(3):283-296.
Dumbauld, B.R. and L.M. McCoy. 2015. The effect of oyster aquaculture on seagrass (Zostera marina)
at the estuarine landscape scale in Willapa Bay, Washington (USA). Aquaculture
Environment Interactions. 7:29-47.
Dumbauld, B.R., E.P. Visser, D.A. Armstrong, L. Cole-Warner, K.L. Feldman, and B.E. Kauffman.
2000. Use of oyster shell to create habitat for juvenile Dungeness crab in Washington coastal
estuaries: status and prospects. Journal of Shellfish Research 19, 379–386.
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 290:196-223.
eBird. 2015. eBird: An online database of bird distribution and abundance [web application]. eBird,
Ithaca, New York. <http://www.ebird.org>. Accessed 4 August 2015).

Coast Seafoods Company
Recirculated Draft EIR

8-7

Humboldt Bay Harbor District
July 2016

Eckrich, C.E. and J.G. Holmquist. 2000. Trampling in a seagrass assemblage: Direct effects,
response of associated fauna, and the role of substrate characteristics. Marine Ecology
Progress Series 201:199-209.
Eguchi, T., and J.T. Harvey. 2005. Diving behavior of the Pacific harbor seal (Phoca vitulina richardii)
in Monterey Bay, California. Marine Mammal Science 21:283-295.
Elliott-Fisk, D.L., S. Allen, A. Harbin, J. Wechsler, D. Schirokauer, and B. Becker. 2005. Assessment
of oyster farming in Drakes Estero, Point Reyes National Seashore. Final Completion
Report.
Ellison, L. N., and L. Cleary. 1977. Effects of human disturbance on breeding of double-crested
cormorants. The Auk 95:510–517.
Emmett, R.L., S. A. Hinton, S.L. Stone, and M.E. Monaco. 1991. Distribution and abundance of
fishes and invertebrates in West Coast estuaries, Vol. II: Species life history summaries.
ELMR Rep. No. 8. NOAA/NOS SEA Division, Rockville, MD. 329 pp.
EnviroNet and ENVIRON. February 11, 2003. Evaluation of the Results of Dioxin and Other
Chemical Testing of Commercial Oyster Beds in Humboldt Bay, California from June and
October, 2002.
Fernandez, M., O. Iribarne, and D.A. Armstrong. 1993. Habitat selection by young of the year
Dungeness Crab, Cancer magister Dana and predation risk in intertidal habitats. Marine
Ecology and Progress Series 92:171-177.
Ferraro, S.P. and F.A. Cole. 2007. Benthic macrofauna – habitat associations in Willapa Bay,
Washington, USA. Estuarine, Coastal and Shelf Science 71:491-507.
Ferraro, S.P. and F.A. Cole. 2011. Ecological periodic tables for benthic macrofaunal usage of
estuarine habitats in the US Pacific Northwest. Estuarine, Coast and Shelf Science 94:36-47.
Ferraro, S.P. and F.A. Cole. 2012. Ecological period tables for benthic macrofaunal usage of
estuarine habitats: Insights from a case study in Tillamook Bay, Oregon, USA. Estuarine,
Coast and Shelf Science 102-103:70-83.
Fodrie, F.J. and G.F. Mendoza. 2006. Availability, usage and expected contribution of potential
nursery habitats for the California halibut. Estuarine, Coastal and Shelf Science 68:149-164.
Fonseca, M.S. and A. Malhotra. 2006. WEMO (Wave Exposure Model) for use in Ecological
Forecasting version 3.0. NOAA, National Ocean Service, Center for Coastal Fisheries and
Habitat Research (CCFHR), Beaufort, North Carolina.
Fonseca, M.S. and S.S. Bell. 1998. Influence of Physical Setting on Seagrass Landscapes near
Beaufort, North Carolina, USA. Marine Ecology-Progress Series 171:109-121.
Forrest, B. and R. Creese. 2006. Benthic impacts of intertidal oyster culture, with consideration of
taxonomic sufficiency. Environmental Monitoring and Assessment 112(1-3):159-176.
Coast Seafoods Company
Recirculated Draft EIR

8-8

Humboldt Bay Harbor District
July 2016

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.
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.
Francis, T. 2016 (March). The Role of Egg Predation in Pacific Herring Population Dynamics in the
Salish Sea. Oral presentation and Q&A at 2016 Salish Sea Ecosystem Conference,
Vancouver, B.C. Canada. margot@hakai.org.
Francour, P. A. Ganteaume, and M. Poulain. 1999. Effects of boat anchoring in Posidonia oceanica
seagrass beds in the Port-Cros National Park (north-western Mediterranean Sea). Aquatic
Conservation: Marine and Freshwater Ecosystems. 9:391-400.
Fresh, K.L. 2006. Juvenile salmon in Puget Sound. Puget Sound Nearshore Partnership, Seattle,
Washington. Technical Report 2006-6. Website:
http://www.pugetsoundnearshore.org/technical_papers/pacjuv_salmon.pdf
Fresh, K.L., R.D. Cardwell, and R.R. Koons. 1981. Food Habits of Pacific salmon, baitfish and their
potential competitors and predators in the marine waters of Washington, August 1978 to
September 1979. State of Wash. Dept. Fish. Progr. Rep. No. 145.
Frid, A. and L.M. Dill. 2002. Human-caused disturbance stimuli as a form of predation risk.
Conservation Ecology 6(1): 11 http://www.consecol.org/vol6/iss1/art11/
Fritzsche, R.A. and J.W. Cavanagh. 1995. A guide to the fishes of Humboldt Bay. Humboldt State
University Press, Arcata, CA. 72 pp.
Frost, M.T., A.A. Rowden, and M.L. Attrill. 1999. Effect of habitat fragmentation on the
macroinvertebrate infaunal communities associated with the seagrass Zostera marina L.
Aquatic Conservation: Marine and Freshwater Ecosystems 9:255-263.
Gambi, M.C., A.R.M. Nowell, and P.A. Jumars. 1990. Flume observations on flow dynamics in
Zostera marina (eelgrass) beds. Mar Ecol Prog Ser 61:159-169.
Garwood, R., T. Mulligan, and E. Bjorkstedt. 2013. Ichthyological assemblage and variation in a
Northern California Zostera marina eelgrass bed. Northwestern Naturalist 94(1):35-50.
Gaskin, D.E. 1984. The harbour porpoise (Phocoena phocoena L.): Regional populations, status, and
information on direct and indirect catches. Reports of the International Whaling
Commission 34:569-586.
Gibbs, M. T. 2007. Sustainability performance indicators for suspended bivalve aquaculture
activities. Ecological Indicators, 7: 94–107.
Gilardi, K.V.K., D. Carlson-Bremer, J.A. June, K. Antonelis, G. Broadhurst, and T. Cowan. 2010.
Marine species mortality in derelict fishing nets in Puget Sound, WA and the cost/benefits
of derelict net removal. Marine Pollution Bulletin. 60 (3):376-382.
Coast Seafoods Company
Recirculated Draft EIR

8-9

Humboldt Bay Harbor District
July 2016

Gilkerson W. 2008. A spatial model of eelgrass (Zostera marina) habitat in Humboldt Bay, California.
Masters of Science Thesis, Humboldt State University, Arcata, California.
Goetz, B.J. 1983. Harbor porpoise (Phocoena phocoena, L.) movements in Humboldt Bay, California
and adjacent ocean waters. Masters of Science Thesis, Humboldt State University, Arcata,
California.
Goldsworthy, M. 2016. Personal communication regarding including the southern eulachon in
consultation for Humboldt Bay projects. National Marine Fisheries Service, Arcata,
California. matt.goldsworthy@noaa.gov
GoogleEarth. 2015. Aerial imagery of Humboldt Bay. Google, Mountainview, California
https://www.google.com/earth/ (assessed on December 2015).
GOPR (Governor’s Office of Planning and Research). 2008. CEQA and Climate Change:
Addressing Climate Change through California Environmental Quality Act (CEQA) Review.
State of California, Governor’s Office of Planning and Research, Sacramento, California.
[online]. Viewed September 2015. Accessed at: http://opr.ca.gov/docs/june08-ceqa.pdf.
Goss-Custard J. D. 1970. The responses of redshank Tringa totanus (L.) to spatial variations in the
density of their prey. Journal of Animal Ecology 39:91–113.
Goss-Custard J. D. 1977. Optimal foraging and the size selection of worms by redshank, Tringa
totanus, in the field. Animal Behavior 25:10–29.
Goss-Custard J. D. 1979. Effect of habitat loss on the numbers of overwintering shorebirds. Pages
167–177 in F. A. Pitelka, editor. Studies in Avian Biology. Allen Press Inc, Lawrence,
Kansas.
H. T. Harvey & Associates. 2005. South Bay Salt Pond Restoration Project Biology and Habitats
Existing Conditions Report. Submitted to California State Coastal Conservancy, U.S. Fish &
Wildlife Service, and California Department of Fish and Game.
H. T. Harvey & Associates. 2015. Black Brant Surveys for the Humboldt Bay Shellfish Culture
Permit Renewal and Expansion Project. Memorandum to Greg Dale, Coast Seafoods
Company. 23 June 2015.
Hackett, S., D. King, M. Hansen, and E. Price. 2009. The Economic Structure of California’s
Commercial Fisheries. Technical Report under Contract P0670015, California Department
of Fish and Game, Sacramento, California.
Hannam, M. and L. M. Moskal. 2015. Terrestrial Laser Scanning Reveals Seagrass Microhabitat
Structure on a Tideflat. Remote Sensing 7.3:3037-3055.
Harbor District (Humboldt Bay Harbor, Recreation and Conservation District). 2016. Final
Environmental Impact Report for the Humboldt Bay Mariculture Pre-Permitting Project,
Volume 2.

Coast Seafoods Company
Recirculated Draft EIR

8-10

Humboldt Bay Harbor District
July 2016

Harding Jr., L.W. 1973. Primary Production in Humboldt Bay. Master’s Thesis. Humboldt State
University, Arcata, California.
Harrison, S. and E. Bruna. 1999. Habitat fragmentation and large‐scale conservation: what do we
know for sure?. Ecography. 22(3): 225-232.
HBAP (Humboldt County Department of Community Services Development) Certified 1982,
Revised December 2014. Humboldt County General Plan, Volume II, Humboldt Bay Area
Plan of the Humboldt County Local Coastal Program.
HBMP (Humboldt Bay Management Plan). 2007. Humboldt Bay Harbor, Recreation and
Conservation District. May 2007. Eureka, California.
HBMP DEIR (Humboldt Bay Management Plan Draft Environmental Impact Report). 2006.
Humboldt Bay Harbor, Recreation and Conservation District. April 2006.
SCH#2005082040.
HBWAC (Humboldt Bay Watershed Advisory Committee) and RCAA (Redwood Community
Action Agency, the National Resources Services Division). 2005. Humboldt Bay Watershed
Salmon and Steelhead Conservation Plan. Prepared for the California Department of Fish
and Game and the California Coastal Conservancy. 250 pp.
Heath, C.B., and W.F. Perrin. 2008. California, Galapagos, and Japanese sea lions, Zalophus
californianus, Z. wollebaeki, and Z. japonicus. In W.F. Perrin, B. Wursig, and J.G.M. Thewissen,
Editors. The encyclopedia of marine mammals. p 170-176. Academic Press, San Diego,
California.
Heck Jr, K. L., T.J. Carruthers, C.M. Duarte, A.R. Hughes, G. Kendrick, R.J. Orth, and S.W.
Williams. 2008. Trophic transfers from seagrass meadows subsidize diverse marine and
terrestrial consumers. Ecosystems 11(7):1198-1210.
Hendriks I.E., T. Sintes, T.J. Bouma, and C.M. Duarte. 2008. Experimental assessment and
modeling evaluation of the effects of seagrass (Posidonia oceanica) on flow and particle
trapping. Mar Ecol Prog Ser 356:163–173.
Henry, E. and M. Hammill. 2001. Impact on small boats on the haul out activity of harbor seals
(Phoca vitulina) in Metis Bay, Saint Lawrence Estuary, Quebec, Canada. Aquatic Mammals Vol
27 No 2 pgs 140-148.
Herbert, A. 1970. Spatial Disorientation in Birds. Wilson Bulletin. 82:400-419.
Hessing-Lewis, M. 2016 (March). Experimental determination of key factors affecting herring egg
survival. Oral presentation and Q&A at Salish Sea Ecosystem Conference, Vancouver, B.C.
Canada. tessa@uw.edu.
Hessing-Lewis, M., B. Keeling, A. Gerrard, and B. Hunt. 2012. Hakai Network (SFU) Report on
Scientific Projects 2011-2012 (as cited in Keeling 2013).

Coast Seafoods Company
Recirculated Draft EIR

8-11

Humboldt Bay Harbor District
July 2016

Higerloh, G., J. O’Halloran, T. C. Kelly, and G. M. Burnell. 2001. A preliminary study on the effects
of oyster culturing structures on birds in a sheltered Irish estuary. Hydrobiologia 465:175–
180.
Higgins, C.B., K. Stephenson, and B.L. Brown. 2011. Short Communications: Nutrient
bioassimilation capacity of aquacultured oysters: Quantification of an ecosystem service.
Journal of Environmental Quality 40:271-277.
Holsman, K.K., P.S. McDonald, and D.A. Armstrong. 2006. Intertidal migration and habitat use by
subadult Dungeness crab Cancer magister in a NE Pacific estuary. Marine Ecology Progress
Series 308:183-195.
Holt, S.A., C.L. Kitting, and C.R. Arnold. 1983. Distribution of young red drums among different
seagrass meadows. Transactions of the American Fisheries Society 112(2B):267-271.
Hosack, G.R. 2003. Does habitat structure influence low intertidal communities in Willapa Bay,
Washington? Presented at Pacific Estuarine Research Society (PERS) Conference Vancouver
British Columbia. April 3‐4, 2003.
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 29:1150‐1160.
Hourston A.S. and C.W. Haegele.1980. Herring on Canada’s Pacific Coast. Canadian Special
Publication of Fisheries and Aquatic Sciences Vol. 48.
Hourston, A.S., H. Rosenthal, and H. von Westernhagen. 1984. Viable hatch from eggs of Pacific
herring (Clupea harengus pallasi) deposited at different intensities on a variety of substrates.
Can. Tech. Rep. Fish. Aquat. Sci. 1274, 19 pp.
Hovel, K.A. and R.N. Lipcius. 2001. Habitat fragmentation in a seagrass landscape: Patch size and
complexity control blue crab survival. Ecology 82:1814-1829.
Huff, D.D., S.T. Lindley, P.S. Rankin, and E.A. Mora. 2011. Green sturgeon physical habitat use in
the coastal Pacific Ocean. PLoS One 6:e25156.
Hunt, S.L., T.J. Mulligan, and K. Komori. 1999. Oceanic feeding habits of Chinook salmon,
Oncorhynchus tshawytscha, off northern California. Fish. Bull. 97:717-721.
Irlandi, E.A. 1997. Seagrass patch size and survivorship of an infaunal bivalve. Oikos 78: 511-518.
ISCC (Invasive Species Council of California). 2015. Invasive Species. ISCC, Sacramento, California
http://www.iscc.ca.gov/is.html (accessed on September 21, 2015).
Israel, J.A., A.M. Drauch, M. Gingras, and M. Donnellan. 2009. Life history conceptual model for
White sturgeon (Acipenser transmontanus). CDFG Delta Regional Ecosystem Restoration and
Implementation Program. FINAL, 55 p.

Coast Seafoods Company
Recirculated Draft EIR

8-12

Humboldt Bay Harbor District
July 2016

Jaques, D. L., H. R. Carter, and P. J. Capitolo. 2008. A Brown Pelican Roost Site Atlas for Northern
and Central California. Unpublished report. Pacific Eco Logic, Astoria, Oregon and Carter
Biological Consulting, Victoria, British Columbia.
Jenkins, G.P., Walker-Smith, G.K., Hamer, P.A., 2002. Elements of habitat complexity that
influence harpacticoid copepods associated with seagrass beds in a temperate bay. Oecologia
131, 598–605.
Jones B.C. 1972. Effect of intertidal exposure on survival and embryonic development of Pacific
herring spawn. Journal of the Fisheries Research Board of Canada 29:1119-1124.
Jones, S. L., C. S. Nations, S. D. Fellows, and L. L. McDonald. 2008. Breeding abundance and
distribution of long-billed curlews (Numenius americanus) in North America. Waterbirds 31:1–
14.
Judd, C. 2006. Mapping aquatic vegetation: Using bathymetric and hyperspectral imagery to classify
submerged eelgrass in Humboldt Bay, California. Master’s Thesis, Humboldt State
University, Arcata, California.
Källström, B., A. Nyqvist, P. Åberg, M. Bodin, and C. André. 2008. Seed rafting as a dispersal
strategy for eelgrass (Zostera marina). Aquatic Botany 88:148-153.
Kalson, N. and S. Kramer. 2015. Coast Seafoods juvenile salmonid and longfin smelt predation
study. H.T. Harvey and Associates technical memorandum to Greg Dale. June 30, 2015.
Keeling, B.E. 2013. Quantifying the magnitude and mechanisms driving pacific herring (Clupea
pallasi) egg loss on the central coast of British Columbia, Canada. Master of Resource
Management thesis, University of British Columbia, Vancouver, B.C., Canada.
Kellogg, M.L., J.C. Cornwell, M.S. Owens, and K.T. Paynter. 2013. Denitrification and nutrient
assimilation on a restored oyster reef. Marine Ecology Progress Series 480:1-19.
Kelly, J.T., A.P. Klimley, and C.E. Crocker. 2007. Movements of green sturgeon, Acipenser medirostris,
in the San Francisco Bay estuary, California. Environmental Biology of Fishes 79:281-295.
Kessel, B., D. A. Rocque, and J. S. Barclay. 2002. Greater scaup (Aythya marila). No. 650 in A. Pool
and F. Gill, editors. The Birds of North America. The Academy of Natural Sciences,
Philadelphia, Pennsylvania and American Ornithologists' Union, Washington, D.C.
Kipple, B. and C. Gabriele. 2003. Glacier Bay Watercraft Noise. Prepared for Glacier Bay National
Park and Preserve, Alaska by Naval Surface Warfare Center, Carderock Division, Bremerton,
Washington. Technical Report NSWCCD-71-TR-2003/522.
Kirby, R., 1994. Sediments 2-oysters 0: the case histories of two legal disputes involving fine
sediment and oysters. Journal of Coastal Research 10, 466–487 (as cited in Forrest et al.
2009).

Coast Seafoods Company
Recirculated Draft EIR

8-13

Humboldt Bay Harbor District
July 2016

Kirk, M., D. Esler, and W. S. Boyd. 2007. Morphology and density of mussels on natural and
aquaculture structure habitats: Implications for sea duck predators. Marine Ecology Progress
Series 346:179–187.
Kirkman, H. and J. Kuo 1990. Pattern and process in southern Western Australia seagrasses.
Aquatic Botany 37:367-382.
Koch, E.W. 2001. Beyond light: Physical, geological, and geochemical parameters as possible
submersed aquatic vegetation habitat requirements. Estuaries 24:1-17.
Koch, E.W., and S. Beer. 1996. Tides, light and the distribution of Zostera marina in Long Island
Sound, USA. Aquatic Botany 53(1-2):97-107.
Kramer, S.H., and J.S. Sunada. 1992. California halibut. In W. Leet, C. M. Dewees, and C. W.
Haugen (eds.), California’s living marine resources and their utilization, p. 94–97. Univ.
California Sea Grant Extension Program, Davis, CA (as cited in Fodrie and Mendoza 2006).
Kucas, S.T., and T.J. Hassler. 1986. Species profiles: life histories and environmental requirements of
coastal fishes and invertebrates (Pacific Southwest)--California halibut. U.S. Fish Wildl. Serv.
Biol. Rep. 82(11.44). U.S. Army Corps of Engineers, TR EL-82-4. 8 pp.
Larson, R.J., W.H. Lenarz, and S. Ralston. 1994. The distribution of pelagic juvenile rockfish of the
genus Sebastes in the upwelling region off central California. Calif. Coop. Ocean. Fish.
Investig. Rep. 35:175-221, La Jolla (as cited in Parker et al. 2000).
Lassuy D.R. 1989. Species profiles: Life histories and environmental requirements of coastal fishes
and invertebrates (Pacific northwest)—Pacific herring. US Fish Wildl Serv Biol Rep
82(11.126) Available at https://www.nwrc.usgs.gov/wdb/pub/species_profiles/82_11079.pdf (accessed August 18, 2015)
Laughlin, Thomas R. 1974. The distribution and ecology of the Harbor Seal in Humboldt Bay,
California.
Lebassi, B., J. González, D. Fabris, E. Maurer, N. Miller, C. Milesi, P. Switzer, and R. Bornstein.
2009. Observed 1970-2005 Cooling of Summer Daytime Temperatures in Coastal California.
Journal of Climate 22:3558-3573.
Lee, D. E., J. M. Black, J. E. Moore, and J. S. Sedinger. 2007. Age-specific stopover ecology of black
brant at Humboldt Bay, California. Wilson Journal of Ornithology 119:9-22.
Lee, D. E., M. G. Hamman, and J. M. Black. 2004. Grit-site selection of black brant: Particle size or
calcium content? Wilson Bulletin 116:304–313.
Leeman, T. S., and M. A. Colwell. 2005. Coastal pasture use by long-billed curlews at the northern
extent of their non-breeding range. Journal of Field Ornithology 76:33–39.
Leguerrier, D., N. Niquil, A. Petiau, and A. Bodoy. 2004. Modeling the impact of oyster culture on a
mudflat food web in Marennes-Oléron Bay (France). Marine Ecology Progress Series 273,
147–162.
Coast Seafoods Company
Recirculated Draft EIR

8-14

Humboldt Bay Harbor District
July 2016

Lewis, T.L., D. Esler, and W.S. Boyd. 2007. Foraging behaviors of surf scoters and white-winged
scoters during spawning of pacific herring. The Condor 109:216-222.
Lin, H.J., K.T. Shao, H.L. Hsieh, W.T. Lo, and X.X. Dai. 2009. The effects of system-scale removal
of oyster-culture racks from Tapong Bay, southwestern Taiwan: model exploration and
comparison with field observations. ICES Journal of Marine Science 66, 797–810.
Lindley ST, Erickson DL, Moser ML, Williams G, Langness O, McCovey Jr. B, Belchick 534 M,
Vogel D, Pinnix W, Kelly J. 2011. Electronic tagging of green sturgeon 535 reveals
population structure and movement among estuaries. Trans Am Fish Soc 536 140:108–122
Love, M. 2014. Jacoby Creek off channel habitat restoration. Preliminary Design Report. Prepared
for Pacific Coast Fish, Wildlife, and Wetlands Restoration Association, Jacoby Creek Land
Trust, and California Department of Fish and Wildlife by Michael Love and Associates.
143pp (as cited in Wallace and Allen 2015).
Lowry, M.S., and J.V. Carretta. 1999. Market squid (Loligo opalescens) in the diet of California sea lions
(Zalophus californianus) in southern California (1981-1995). California Cooperative Oceanic
Fisheries Investigations Reports 40:196-207.
Lowry, M.S., and K.A. Forney. 2005. Abundance and distribution of California sea lions (Zalophus
californianus) in central and Northern California during 1998 and summer 1999. Fishery
Bulletin 103:331-343.
Lowry, M.S., B.S. Stewart, C.B. Heath, P.K. Yochem, and J.M. Francis. 1991. Seasonal and annual
variability in the diet of California sea lions (Zalophus californianus) at San Nicolas Island,
California, 1981-86. Fishery Bulletin 89:331-336.
Lowry, M.S., J.V. Carretta, and K.A. Forney. 2008. Pacific harbor seal census in California during
May-July 2002 and 2004. California Fish and Game 94(4):180-193.
MacFarlane, R.B. 2010. Energy dynamics and growth of Chinook salmon (Oncorhynchus tshawytscha)
from the Central Valley of California during the estuarine phase and first ocean year.
Canadian Journal of Fisheries and Aquatic Sciences 67(10):1549-1565.
Magnusson, A. and R. Hilborn. 2003. Estuarine influence on survival rates of coho (Oncorhynchus
kisutch) and Chinook salmon (Oncorhynchus tshawytscha) released from hatcheries on the U.S.
Pacific Coast. Estuaries 26(4B):1094-1103.
Major, W.W., C.E. Grue, J.M. Grassley, and L.L. Conquest. 2004. Non-target impacts to eelgrass
from treatments to control Spartina in Willapa Bay, Washington. Journal of Aquatic Plant
Management 42:11-17.
Mallet, A.L., C.E. Carver, and M. Hardy. 2009. The effect of floating bag management strategies on
biofouling, oyster growth and biodeposition levels. Aquaculture 287, 315–323.
Mallet, A.L., C.E. Carver, and T. Landry. 2006. Impact of suspended and off-bottom Eastern oyster
culture on the benthic environment in eastern Canada. Aquaculture 255, 362-373.
Coast Seafoods Company
Recirculated Draft EIR

8-15

Humboldt Bay Harbor District
July 2016

Marba, N., J. Cebrian, S. Enrı´quez, and C.M. Duarte. 1996. Growth patterns of western
Mediterranean seagrasses: species-specific responses to seasonal forcing. Mar. Ecol. Prog.
Ser. 133:203-215 (as cited in Milazzo et al. 2004).
marine_mammals/threshold_guidance.html (accessed on October 1, 2015).
Mateo, M-Á., J-L. Sanchez-Lizaso, and J. Romero. 2003. Posidonia oceanica ‘banquettes’: a preliminary
assessment of the relevance for meadow carbon and nutrients budget. Estuarine, Coastal and
Shelf Science 56.1: 85-90.
Matsuoka, T., T. Nakashima, N. Nagasawa. 2005. A review of ghost fishing: Scientific approaches to
evaluation and solutions. Fisheries Science 71:691-702.
Mattila, J. 1992. The effect of habitat complexity on predation efficiency of perch Perca fluviatilis L
and ruffe Gymnocephalus cernuus (L.). J. Exp. Mar. Biol. Ecol. 157: 55-67.
McCabe, G.T. and C.A. Tracy. 1994. Spawning and early-life history of white sturgeon, Acipenser
transmontanus, in the Lower Columbia River. Fishery Bulletin 92:760-772.
Mello, J. J. and W. Stroud. 2005. Summary of 2004-2005 Pacific herring spawning-ground surveys
and commercial catch in Humboldt Bay and Crescent City. California Department of Fish
and Game, Marine Region, Eureka, California.
Mello, J.J. 2007. Summary of 2006-2007 Pacific herring spawning-ground surveys and commercial
catch in Humboldt Bay and Crescent City. California Department of Fish and Game, Marine
Region, Eureka, California.
Mello, J.J. and J. Ramsay. 2004. Summary of 2003-2004 Pacific herring spawning-ground surveys
and commercial catch in Humboldt Bay and Crescent City. California Department of Fish
and Game, Marine Region, Eureka, California.
Mercer J., R.B. Whitlatch, and R. Osman. 2009. Potential effects of the invasive colonial ascidian,
Didemnum vexillum on pebble-cobble bottom habitats in southern New England, USA.
Aquatic Invasions 4:133-142.
Merkel, K. 2000. Draft Eelgrass Habitat Survey and Assessment – San Francisco-Oakland Bay
Bridge East Span Seismic Safety Project. Dated December 1999-Amended January 2000.
Merrell, T. R., Jr., and K. V. Koski. 1978. Habitat values of coastal wetlands for pacific coast
salmonids. Pages 256–266 in P. E. Greeson, and J. R. Clark, editors. Wetland functions and
values: the state of our understanding: proceedings of the national symposium on wetlands.
American Water Resources Association, Minneapolis, Maryland. (as cited in Miller and Sadro
2003).
Milazzo, M., Chemello, R., Badalamenti, F., Camarda, R. and S. Riggio. 2002. The impact of human
recreational activities in marine protected areas: what lessons should be learnt in the
Mediterranean sea?. Marine Ecology. 23(s1): 280-290.

Coast Seafoods Company
Recirculated Draft EIR

8-16

Humboldt Bay Harbor District
July 2016

Milazzo, M., F. Badalamenti, G. Ceccherelli, and R. Chemello. 2004. Boat anchoring on Posidonia
oceanica beds in a marine protected area (Italy, western Mediterranean): Effect of anchor
types in different anchoring stages. Journal of Experimental Marine Biology and Ecology
299:51-62.
Miller, B.A. and S. Sadro. 2003. Residence time and seasonal movements of juvenile coho salmon in
the ecotone and lower estuary of Winchester Creek, South Slough, Oregon. Transactions of
the American Fisheries Society 132(3):546-559.
Moore, J. E., and J. M. Black. 2006. Slave to the tides: Spatiotemporal foraging dynamics of spring
staging black brant. Condor 108:661–677.
Moore, J. E., M.A. Colwell, R. L. Mathis, and J. M. Black. 2004. Staging of Pacific flyway brant in
relation to eelgrass abundance and site isolation, with special considerations of Humboldt
Bay, California. Biological Conservation 115:475–486.
Moser, M. and J. Hsieh. 1992. Biological tags for stock separation in Pacific herring Clupea harengus
pallasi in California. Journal of Parasitology 78(1):54-60.
Moser, M.L. and S.T. Lindley. 2007. Use of Washington estuaries by subadult and adult green
sturgeon. Environmental Biology of Fishes 79:243-253.
Moser, M.L., K. Patten, S.C. Corbett, B.E. Feist, and S.T. Lindley. In press. Sturgeon feeding habitats
in a Washington estuary. Journal of Experimental Marine Biology and Ecology.
Moyle, P.B., P.J. Foley, and R.M. Yoshiyama. 1992. Status of green sturgeon, Acipenser medirostris, in
California. Final Report submitted to National Marine Fisheries Service. 11 p. University of
California, Davis, California.
Moyle, P.B., R.M. Yoshiyama, J.E. Williams, and E.D. Wikramanayake. 1995. Fish species of special
concern in California. Second edition. California Department of Fish and Game, Inland
Fisheries Division, Rancho Cordova, California.
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.
Nelson, E. T. 1989. The Composition, Distribution, and Seasonal Abundance of Waterbirds Using
South Humboldt Bay, July 1987–June 1988. Thesis. Humboldt State University, Arcata,
California.
Nelson, T.A. and J.R. Waaland. 1997. Seasonality of eelgrass, epiphyte, and grazer biomass and
productivity in subtidal eelgrass meadows subjected to moderate tidal amplitude. Aquatic
Botany 56(1):51-74.
Newell, R. I. E. 2004. Ecosystem influences of natural and cultivated populations of suspensionfeeding bivalve molluscs: a review. Journal of Shellfish Research 23:51-61.

Coast Seafoods Company
Recirculated Draft EIR

8-17

Humboldt Bay Harbor District
July 2016

Newell, R.I.E, T.R. Fisher, R.R. Holyoke and J.C. Cornwell. 2005. Pages 93 ‐ 120. In: R. Dame and
S. Olenin (eds.). The Comparative Roles of Suspension Feeders in Ecosystems. Vol. 47,
NATO Science Series: IV ‐ Earth and Environmental Sciences. Springer, Netherlands.

Newell, R.I.E., J.C. Cornwell, and M.S. Owens. 2002. Influence of simulated bivalve biodeposition
and microphytobenthos on sediment nitrogen dynamics: A laboratory study. Limnology and
Oceanography 47(5):1367-1379.
Newell, Roger I. E., and Evamaria W. Koch. October 2004. Modeling Seagrass Density and
Distribution in Response to Changes in Turbidity Stemming from Bivalve Filtration and
Seagrass Sediment Stabilization. Estuaries Vol. 27, No. 5, p. 793–806.
Nienhuis, P. H., and A. M. Groenendijk. 1986. Consumption of eelgrass (Zostera marina) by birds and
invertebrates: An annual budget. Marine Ecology Progress Series 29:29–35.
NMFS (National Marine Fisheries Service). 2005. Endangered Species Act Section 7 Formal
Programmatic Consultation and Magnuson-Stevens Fishery Conservation and Management
Act Essential Fish Habitat Consultation: Issuance of a Permit to Coast Seafoods to Plant,
Grow, and Harvest Pacific Oysters and Kumamoto Oysters in Arcata Bay within Humboldt
Bay, Humboldt County, California. Reference number: 151422SWRI998AR33:IL. National
Oceanic and Atmospheric Administration, NMFS, Long Beach, California.
NMFS. 2009. Endangered Species Act Section 7 Formal Programmatic Consultation and
Magnuson-Stevens Fishery Conservation and Management Act Essential Fish Habitat
Consultation for Nationwide Permit 48 Activities in Washington State. National Oceanic
and Atmospheric Administration, NMFS, Seattle, Washington.
NMFS. 2013. U.S. National Bycatch Report First Edition Update 1 [L. R. Benaka, C. Rilling, E. E.
Seney, and H. Winarsoo, Editors]. U.S. Dep. Commer., 57 p.
http://www.st.nmfs.noaa.gov/observer-home/first-edition-update-1
NMFS. 2014. California Eelgrass Mitigation Policy and Implementing Guidelines. NOAA Fisheries
Southwest Region. October 2014. 48 pp.
NMFS. 2015. Interim sound threshold guidance. National Oceanic and Atmospheric
Administration, National Marine Fisheries Service, Northwest Regional Office, Seattle,
Washington. http://www.westcoast.fisheries.noaa.gov/protected_species/
NMFS. 2016a. Species Information. National Oceanic and Atmospheric Administration, National
Marine Fisheries Service, Office of Protected Resources, Silver Spring, Maryland
http://www.nmfs.noaa.gov/pr/species/ (accessed on June 9, 2016).
NMFS. 2016b. West Coast Groundfish. NOAA-Fisheries, Southwest Fisheries Science Center, La
Jolla, California. https://swfsc.noaa.gov/textblock.aspx?id=1047&ParentMenuId=110
(accessed June 30, 2016).
NOAA (National Oceanic and Atmospheric Administration). 2012. 2009 Humboldt Bay, California
habitat spatial data. NOAA, Digital Coast, Office for Coastal Management URL:
http://www.csc.noaa.gov/digitalcoast/data/benthiccover (accessed 15 August 2012).
Coast Seafoods Company
Recirculated Draft EIR

8-18

Humboldt Bay Harbor District
July 2016

Nowacki, D.J. and A.S. Ogston. 2013. Water and sediment transport of channel-flat systems in a
mesotidal mudflat: Willapa Bay, Washington. Continental Shelf Research 60: S111-S124.
NRC (National Research Council). 2009. Shellfish mariculture in Drakes Estero, Point Reyes
National Seashore, California. The National Academies Press, Washington, D.C. 102 pp +
appendices.
O’Connell, G. 2015. Personal communication regarding results from eelgrass sampling in Humboldt
Bay associated with Coast Seafoods baseline survey. August and September 2015.
goconnell@shn-engr.com
Opler, P.A. (ed). 1992. The Ecology of Humboldt Bay, California: An Estuarine Profile. Fish and
Wildlife Service, Biological Report 1. 121 pp.
Orth, R.J., K.L. Heck, Jr., and J. van Montfrans. 1984. Faunal communities in seagrass beds: A
review of the influence of plant structure and prey characteristics on predator-prey
relationships. Estuaries 7(4A):339-350.
Pacific Shellfish Institute. February 2007. Status Report and Synopsis of Organic Pollutants in
Relation to Shellfish Safety in the Mad River Slough and Humboldt Bay, California.
Olympia, Washington.
Pacific Watershed Associates. 2015. Preliminary eelgrass (Zostera marina) mapping and habitat
characterization, North Humboldt Bay, California: Humboldt Bay Harbor, Recreation, and
Conservation District Mariculture Pre-Permitting Project, Eureka, California. Prepared for
the Humboldt Bay Harbor, Recreation, and Conservation District. October 2015.
Page, G. W, L. E. Stenzel, J. C. Warriner, and P. W. C. Paton. 1995. Snowy plover (Charadrius
alexandrinus). No. 154 in A. Pool and F. Gill, editors. The Birds of North America. The
Academy of Natural Sciences, Philadelphia, Pennsylvania and American Ornithologists’
Union, Washington, D.C.
Palsson, W. 1984. Egg mortality upon natural and artificial substrata within Washington state
spawning grounds of Pacific herring (Clupea harengus pallasi). Masters of Science thesis,
University of Washington, Seattle, Washington.
Parker, S.J., S.A. Berkeley, J.T. Golden, D.R. Gunderson, J. Heifetz, M.A. Hixon, R. Larson, B.M.
Leaman, M.S. Love, J.A. Musick, V.M. O’Connell, S. Ralston, H.J. Weeks, and M.M.
Yoklavich. 2000. Management of Pacific rockfish. Fisheries 25(3):22-30.
Patten, K. 2016. Personal communication regarding sturgeon feeding observations in relation to
eelgrass and shellfish aquaculture methods. Washington State University, Long Beach
Research and Extension Unit, Long Beach, Washington. pattenk@wsu.edu
Patten, K. and S. Norelius. 2016. Green Sturgeon Usage of Shellfish Beds in Willapa Bay,
Washington –Comparative Habitat Surveys in 2014 and 2015. Washington State University
Long Beach Research and Extension Unit.
http://longbeach.wsu.edu/shellfish/documents/2016greensturgeonsurvey
Coast Seafoods Company
Recirculated Draft EIR

8-19

Humboldt Bay Harbor District
July 2016

Pauley, G.B., D.K Armstrong, R. Van Citter, and G.L. Thomas. 1989. Species profiles: Life histories
and environmental requirements of coastal fishes and invertebrates (Pacific Southwest)—
Dungeness crab. U.S. Fish Wildl. Sew. Biol. Rep. 82(11.121). U.S. Army Corps of Engineers,
TR EL-82-4. 20 pp.
Peterson, B.J. and K.L. Heck, Jr. 1999. The potential for suspension feeding bivalves to increase
seagrass productivity. Journal of Experimental Marine Biology and Ecology 240:37‐52.
PFC (Pacific Flyway Council). 2002. Pacific Flyway Management Plan for Pacific Brant. Prepared for
Pacific Flyway Council.
PFMC (Pacific Fishery Management Council). 2014. Pacific Coast Groundfish Fishery Management
Plan for the California, Oregon, and Washington Groundfish Fishery. Pacific Fishery
Management Council, Portland OR. Available at
http://www.pcouncil.org/groundfish/fishery-management-plan/ (accessed August 25,
2015).
Pillay, T.V.R. 1992. Aquaculture and the Environment. Halsted Press, John Wiley & Sons, New
York.
Pinnix, B. 2015. Personal communication regarding green sturgeon and coho salmon tagging data in
Humboldt Bay, California. September 2015. bill_pinnix@fws.gov
Pinnix, B. 2016. Personal communication regarding green sturgeon observations in Humboldt Bay,
California. July 2016. bill_pinnix@fws.gov
Pinnix, W. D., T. A. Shaw, K. C. Acker and N. J. Hetrick. 2005. Fish communities in eelgrass, oyster
culture, and mudflat habitats of North Humboldt Bay, California Final Report. U. S. Fish
and Wildlife Service, Arcata Fish and Wildlife Office, Arcata Fisheries Program Technical
Report Number TR2005-02, Arcata, California.
Pinnix, W.D., P.A. Nelson, G. Stutzer, K.A. Wright. 2013. Residence time and habitat use of coho
salmon in Humboldt Bay, California: an acoustic telemetry study. Environ. Biol. Fish.
96:315‐323.
Preen, A.R., W.J. Lee Long, and R.G. Coles. 1995. Flood and cyclone related loss, and partial
recovery, of more than 1000 km2 of seagrass in Hervey Bay, Queensland, Australia. Aquatic
Botany 52:3-17.
PSMFC (Pacific States Marine Fisheries Commission). 1996. White sturgeon. URL:
http://www.psmfc.org/habitat/edu_wsturg_fact.html. (Accessed Sept 25, 2015)
Quintino, V., A. Azevedo, L. Magalhaes, L. Sampaio, R. Freitas, A. M. Rodrigues, and M. Elliott.
2012. Indices, multispecies and synthesis descriptors in benthic assessments: Intertidal
organic enrichment from oyster farming. Estuarine, Coastal and Shelf Science 110:190–201.
Rabin and Barnhart. 1986. Population characteristics of Pacific herring, Clupea harengus pallasi, in
Humboldt Bay, California. California Fish and Game 72(1):4-16.
Coast Seafoods Company
Recirculated Draft EIR

8-20

Humboldt Bay Harbor District
July 2016

Ratté, L. and E.O. Salo. 1985. Under-pier ecology of juvenile Pacific salmon in Commencement
Bay, FRI-UW-8508. UW Fisheries Research Institute. Seattle, Washington.
Ray, J. 2015. Personal communication regarding Pacific herring data and behavior in Humboldt Bay.
California Department of Fish and Wildlife, Aquaculture and Bay Management Project.
September and October 2015. James.Ray@wildlife.ca.gov
Ray, J. 2016. Personal communication regarding 2016 Pacific herring data in North Humboldt Bay.
California Department of Fish and Wildlife, Aquaculture and Bay Management Project. May
2016. James.Ray@wildlife.ca.gov
Reed, B.J. and K.A. Hovel. 2006. Seagrass habitat disturbance: how loss and fragmentation of
eelgrass Zostera marina influences epifaunal abundance and diversity. Mar Ecol Prog Ser
326:133-143.
Remy, M., T. Thomas, J. Moose, and W. Manley. 1999. Guide to the California Environmental
Quality Act. Appendix V. Guidelines for the Implementation of the California
Environmental Quality Act.
Rice, M.A. 2008. Environmental Effects of Shellfish Aquaculture in the Northeast. Northeastern
Regional Aquaculture Center. Publication No. 105-2008.
Rich, C. and T. Longcore. 2006. Ecological Consequences of Artificial Night Lighting. Island Press.
Washington, D.C.
Ricker, S.J., D. Ward, C.W. Anderson, and M. Reneski. 2014. Results of Freshwater Creek salmonid
life cycle monitoring station 2010-2013. California Department of Fish and Wildlife,
Anadromous Fisheries Resource Assessment and Monitoring Program, Fisheries Restoration
Grant P0910513.
Rooper, C.N. and L.J. Haldorson. 2000. Consumption of Pacific herring (Clupea pallasi) eggs by
greenling (Hexagrammidae) in Prince William Sound, Alaska. Fish. Bull. 98:655-659.
Rossi, F., R.M. Forster, F. Montserrat, M. Ponti, A. Terlizzi, T. Ysebaert, and J.J. Middelburg. 2007.
Human trampling as short-term disturbance on intertidal mudflats: Effects on macrofauna
biodiversity and population dynamics of bivalves. Mar Biol 151:2077-2090.
Ruesink, J.L. and K. Rowell. 2012. Seasonal effects of clam (Panopea generosa) on eelgrass (Zostera
marina) density but not recovery dynamics at an intertidal site. Aquatic Conservation Marine
and Freshwater Ecosystems. 22: 712-720.
Ruesink, J.L., J.P. Fitzpatrick, B.R. Dumbauld, S.D. Hacker, A.C. Trimble, E.L. Wagner, and L.M.
Wisehart. 2012. Life history and morphological shifts in an intertidal seagrass following
multiple disturbances. Journal of Experimental Marine Biology and Ecology 424-425:25-31.
Rumrill, S. 2015. Personal communication with the National Marine Fisheries Service regarding
eelgrass and shellfish aquaculture interactions from Humboldt Bay WRAC study. Oregon
Department of Fish and Wildlife. April 5, 2015. steven.s.rumrill@state.or.us
Coast Seafoods Company
Recirculated Draft EIR

8-21

Humboldt Bay Harbor District
July 2016

Rumrill, S. and V. 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. 79 p.
RWQCB (North Coast Regional Water Quality Control Board). May 2011. Water Quality Control
Plan for the North Coast Region (Basin Plan). Santa Rosa, California.
Salo, E. O., N.J. Bax, T.E. Prinslow, C.J. Whitmus, B.P. Snyder, and C.A. Simenstad. 1980. The
effects of construction of naval facilities on the outmigration of juvenile salmonids from
Hood Canal, Washington. Final Report FRI-UW-8006. University of Washington, Fish. Res.
Inst.
Savard, J.-P. L., D. Bordage, and A. Reed. 1998. Surf scoter (Melanitta perspicillata). No. 363 in A.
Pool and F. Gill, editors. The Birds of North America. No. The Academy of Natural
Sciences, Philadelphia, Pennsylvania and American Ornithologists' Union, Washington, D.C.
Schlosser, S. and J. Bloeser. 2006. The collaborative study of juvenile rockfish, cabezon, and kelp
greenling habitat associations between Morro Bay, California and Newport, Oregon. Final
report to Pacific State Marine Fisheries Commission summarizing data for 2003, 2004, and
2005. California Sa Grant and Pacific Marine Conservation Council Cooperative Research
Project. February 2006. 13 pp.
Schlosser, S., and A. Eicher. 2012. The Humboldt Bay and Eel River Estuary Benthic Habitat
Project. California Sea Grant Publication T-075. 246 p.
SeagrassNet. 2015. Humboldt Bay, California Stations: CH42.1 and CH42.2. Global Seagrass
Monitoring Network. (Provided by J. Ray Personal communication with Greg O’Connell)
Shaughnessy, F. 2014. Eelgrass and water quality, effects of upland uses. Humboldt Bay Eelgrass
Management Workshop. October 6-7, 2014.
Shaughnessy, F. and M. Hurst. 2014. Turbidity/Spartina Meeting Presentation. (Provided by J.
Tyburczy Personal communication with Adam Wagschal)
Shelton, A.O. T.B. Francis, G.D. Williams, B. Feist, K. Stick and P.S. Levin. 2014. Habitat limitation
and spatial variation in Pacific herring egg survival. Marine Ecology Progress Series 514:231254.
SHN (SHN Engineers & Geologists). 2015. 2015 Eelgrass Monitoring Results: Coast Seafoods
Company, Humboldt Bay Shellfish Culture Permit Renewal and Expansion Project, Eureka,
California. Prepared for Plauché & Carr LLP. SHN, Eureka, California. August 2015.
SHN (SHN Engineers & Geologists). 2015. Eelgrass Monitoring Plan: Coast Seafoods Company,
Humboldt Bay Shellfish Culture Permit Renewal and Expansion Project, Eureka, California.
Prepared for Plauché & Carr LLP. SHN, Eureka, California.
Short, F.T. 1983. The response of interstitial ammonium in eelgrass (Zostera marina L.) beds to
environmental perturbations. J. Exp. Mar. Biol. Ecol. 68: 195-208.
Coast Seafoods Company
Recirculated Draft EIR

8-22

Humboldt Bay Harbor District
July 2016

Short, F.T. 1987. Effects of sediment nutrients on seagrasses: Literature review and mesocosm
experiment. Aquatic Botany 27(1):41-57.
Short, F.T., and S. Wyllie-Echeverria. 1996. Natural and human-induced disturbance of seagrasses.
Environmental Conservation 23(1):17-27.
Shuford, W. D., and D. P. Craig. 2002. Status Assessment and Conservation Recommendations for
the Caspian Tern (Sterna Caspia) in North America. U.S. Fish and Wildlife Service, Portland,
Oregon.
Shumway, S.E., C. Davis, R. Downey, R. Karney, J. Kraeuter, J. Parsons, R. Rheault, and G.
Wikfors. 2003. Shellfish aquaculture – In praise of sustainable economies and environments.
World Aquaculture 34(4):15‐18.
Simenstad, C.A. and D.M. Eggars (eds). 1981. Juvenile salmonid and baitfish distribution,
abundance, and prey resources in selected areas of Grays Harbor, Washington. University of
Washington, Fisheries Research Institute, Seattle, Washington. Final Report to U.S. Army
Corps of Engineers, Seattle District. Contract No. DACW 67-80-C-0102.
Simenstad, C.A., Fresh, K.L. 1995. Influence of intertidal aquaculture on benthic communities in
Pacific Northwest estuaries: scales of disturbance. Estuaries 18, 43–70.
Simenstad, C.A., Fresh, K.L., Salo, E.A. 1982. The role of Puget Sound and Washington coastal
estuaries in the life history of Pacific salmon: an unappreciated function. In: Kennedy, V.S.
(Ed.), Estuarine Comparisons. Academic Press, New York, pp. 343–364.
Simenstad, C.A., J.R. Cordell, and L.A. Weitcamp. 1991. Effects of substrate modification on littoral
flat meiofauna: Assemblage structure changes associated with adding gravel. University of
Washington, Fisheries Research Institute, Seattle, Washington.
Skagen S., and H. D. Oman. 1996. Dietary flexibility of shorebirds in the Western hemisphere.
Canadian Field Naturalist 110:419–432.
Skilleter, G.A., A. Pryor, S. Miller, and B. Cameron. 2006. Detecting the effects of physical
disturbance on benthic assemblages in a subtropical estuary: A Beyond BACI approach.
Journal of Experimental Marine Biology and Ecology 338(2):271-287.
Souchu, P., Vaquer, A., Collos, Y., Landrein, S., Deslous-Paoli, J. M., and Bibent, B. 2001. Influence
of shellfish farming activities on the biogeochemical composition of the water column in
Thau Lagoon. Marine Ecology Progress Series, 218: 141–152.
Southall, B.L., A.E. Bowles, W.T. Ellison, J.J. Finneran, R.L. Gentry, C.R. Greene Jr, D. Kastak,
D.R. Ketten, J.H. Miller, P.E. Nachtigall, W.J. Richardson, J.A. Thomas, and P.L. Tyack.
2007. Marine mammal noise exposure criteria: Initial scientific recommendations. Aquatic
Mammals 33(4):411-521.
Spragens, K. A., E. R. Bjerre, and J. M. Black. 2013. Black brant Branta bernicla nigricans grit
acquisition at Humboldt Bay, California. Wildfowl Special Issue 3:104–115.
Coast Seafoods Company
Recirculated Draft EIR

8-23

Humboldt Bay Harbor District
July 2016

Stick, K.C. 2005. 2004 Washington State herring stock status report. Washington Department of
Fish and Wildlife. Fish Management Division. May 2005. Stock Status Report No. 05-01.
Stillman, R. A., K. A. Wood, W. Gilkerson, E. Elkington, J. M. Black, D. H. Ward, and M. Petrie.
2015. Predicting effects of environmental change on a migratory herbivore. Ecosphere
6(7):1–19.
Strohmeier T., J. Aure, A. Duinker, T. Castberg, A. Svardal, and O. Strand. 2005. Flow reduction,
seston depletion, meat content and distribution of diarrhetic shellfish toxins in a long-line
blue mussel (Mytilus edulis) farm. Journal of Shellfish Research 24:15-23.
Strong, Craig. Wildlife Biologist. Crescent Coastal Research. 1 August 2015—email with Christine
Hamilton of H. T. Harvey & Associates.
Studebaker, R.S. and T.J. Mulligan. 2009. Feeding habits of young-of-the-year black and copper
rockfish in eelgrass habitats of Humboldt Bay, California. Northwestern Naturalist 90:17-23.
Sullivan, R.M.. 1980. Seasonal occurrence and haul-out use in pinnipeds along Humboldt County,
California. Journal of Mammalogy 61(4):754-760.
Swanson, C., A. McGuire, and M. Hurst. 2012. Investigation into the Temporal Variation of
Suspended Solids in Humboldt Bay. Accessed at:
http://www.wiyot.us/sites/default/files/u6/Humboldt%20Bay%20TSS_Poster_final.pdf.
Tallis, H.M., J.L. Ruesink, B.R. Dumbauld, S.D. Hacker, and L.M. Wisehart. 2009. Oysters and
aquaculture practices affect eelgrass density and productivity in a Pacific Northwest estuary.
Tallman, J., and C. Sullivan. 2004. Harbor seal (Phoca vitulina) predation on a male harlequin duck
(Histrionicus histrionicus). Northwestern Naturalist 85:31-32.
Tennant, G. 2006. Experimental effects of ammonium on eelgrass (Zostera marina L.) shoot density
in Humboldt Bay, California Masters of Science Thesis, Humboldt State University, Arcata,
California.
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). Mar Ornithol
37: 3−8.
Thom, R.M. and R.G. Albright. 1990. Dynamics of benthic vegetation standing-stock, irradiance,
and water properties in central Puget Sound. Marine Biology 104:129-141.
Thom, R.M., A.B. Borde, S. Rumrill, D.L. Woodruff, G.D. Williams, J.A. Southard, and S.L.
Sargeant. 2003. Factors influencing spatial and annual variability in eelgrass (Zostera marina
L.) meadows in Willapa Bay, Washington, and Coos Bay, Oregon, Estuaries. Estuaries
26(4B):1117-1129.
Travaille, K.L., P. Salinas-de-Leon., and J.J. Bell. 2015. Indication of visitor trampling impacts on
intertidal seagrass beds in a New Zealand marine reserve. Ocean and Coastal Management
114: 145-150.
Coast Seafoods Company
Recirculated Draft EIR

8-24

Humboldt Bay Harbor District
July 2016

Trianni, M. S. 1996. The Influence of Commercial Oyster Culture Activities on the Benthic Infauna
of Arcata Bay. Thesis. Humboldt State University, Arcata, California.
U.S. Environmental Protection Agency. 2016. Storage and Retrieval and Water Quality Exchange.
URL: https://www.epa.gov/waterdata/storage-and-retrieval-and-water-quality-exchange
(accessed June 1, 2016).
U.S. Navy. 1993. Eelgrass Mitigation Plan for Marine Mammal Relocation Facilities Naval
Command, Control and Ocean Surveillance Center, San Diego. Dated 3 March 1993.
USFWS (U.S. Fish and Wildlife Service). 1992. Determination of threatened status for the
Washington, Oregon, and California population of the marbled murrelet. Final rule. Federal
Register 57:45328–45337.
USFWS (U.S. Fish and Wildlife Service). 2005-2015. Migratory bird hunting activity and harvest
during the hunting seasons. http://fws.gov/birds/surveys-and-data/reports-andpublications.php
USFWS (U.S. Fish and Wildlife Service). 2007. Recovery Plan for the Pacific Coast Population of
the Western Snowy Plover (Charadrius alexandrinus nivosus). U.S. Fish and Wildlife Service.
Sacramento, California.
USFWS (U.S. Fish and Wildlife Service). 2016. Tidewater Goby (Eucyclogobius newberryi). Arcata
Fish and Wildlife Office, Arcata, California
http://www.fws.gov/arcata/es/fish/Goby/goby.html (assessed on June 9, 2016).
Valle, C.F., J.W. O’Brien, and K.B. Wiese. 1999. Differential habitat use by California halibut,
Paralichthys californicus, barred sand bass, Paralabrax nebulifer, and other juvenile fishes in
Alamitos Bay, California. Fish. Bull. 97:646-660.
Viscusi, W. Kip, James T. Hamilton, and P. Christen Dockins. "Conservative versus mean risk
assessments: implications for superfund policies." Journal of Environmental Economics And
Management 34, no. 3: 187-206.
Waddell, J.E. 1964. The effect of oyster culture on eelgrass, Zostera marina L. growth. M.S. Thesis,
Humboldt State College. 48pp.
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.
Wagschal, A. 2015. Personal communication regarding shellfish aquaculture in Humboldt Bay, Coast
Seafoods operations, 20-year tide data and gear exposure analysis, and maps for the technical
report. H.T. Harvey & Associates. August 2015. awagschal@harveyecology.com
Wagschal, A. 2016. Personal communication regarding LiDAR data for Humboldt Bay, California.
Humboldt Bay Harbor, Recreation, and Conservation District. January 2016.
awagschal@humboldtbay.org
Coast Seafoods Company
Recirculated Draft EIR

8-25

Humboldt Bay Harbor District
July 2016

Wallace, M. 2006. Juvenile salmonid use of Freshwater Slough and tidal portion of Freshwater
Creek, Humboldt Bay, California. 2003 Annual Report. California Department of Fish and
Wildlife. Inland Fisheries Administrative Report No. 2006-04.
Wallace, M. and S. Allen. 2007. Juvenile salmonid use of the tidal portions of selected tributaries to
Humboldt Bay, California. California Department of Fish and Wildlife, Fisheries Restoration
Grants Program Grant P0410504.
Wallace, M. and S. Allen. 2015. Juvenile salmonid use and restoration assessment of the tidal
portions of selected tributaries to Humboldt Bay, California, 2011-2012. California
Department of Fish and Wildlife. Fisheries Administrative Report No. 2015-02.
Ward, D. H. 1983. The relationship of two seagrasses: Zostera marina and Ruppia maritima to the black
brant, Branta bernicla nigricans, San Ignacio Lagoon, Baja California, Mexico. Thesis. University
of Oregon, Eugene.
Ward, D. H., A. Reed, J. S. Sedinger, J. M. Black, D. V. Derksen, and P. M. Castelli. 2005. North
American Brant: Effects of Changes in Habitat and Climate on Population Dynamics.
Global Change Biology.
Ward, D. H., E. A. Rexstad, J. S. Sedinger, M. S. Lindberg, and N. K. Dawe. 1997. Seasonal and
annual survival of adult Pacific brant. Journal of Wildlife Management 61:773–781.
Ward, D. H., R. A. Stehn, and D. V. Derksen. 1994. Response of staging brant to disturbance at the
Izembek Lagoon, Alaska. Wildlife Society Bulletin 22:220–228.
Warner, R. 1982. Overview of commercial and sport fisheries in Humboldt Bay. Page 107 in
Humboldt Bay symposium proceedings. Center for Community Development, Humboldt
State University, Arcata, California.
WDFW (Washington Department of Fish and Wildlife). 2005. Living with Wildlife: River Otters.
Available at http://wdfw.wa.gov/living/river_otters.html (accessed September 9, 2015)
Weise, M.J. 2000. Abundance, Food Habits, and Annual Fish Consumption of California Sea Lions
(Zalophus californianus) and its Impact of Salmonid Fisheries in Monterey Bay, California.
Master's thesis. San Jose State University, San Jose, California.
Wheat, E. and J.L. Ruesink. 2013. Commercially cultured oysters (Crassostrea gigas) exert top‐down
control on intertidal pelagic resources in Willapa Bay, Washington, USA, Journal of Sea
Research 81:33‐39.
Wiberg, P.L., B.A. Law, R.A. Wheatcroft, T.G. Milligan, and P.S. Hill. 2013. Seasonal variations in
erodibility and sediment transport potential in a mesotidal channel-flat complex, Willapa
Bay, Washington. Continental Shelf Research 60: S185-S197.
Wilcove, D., McLellan, C. & A. Dobson. 1986. Habitat fragmentation in the temperate zone.
Conservation Biology. 6: 237-256.

Coast Seafoods Company
Recirculated Draft EIR

8-26

Humboldt Bay Harbor District
July 2016

Wilcox, B. & D. Murphy. 1985. Conservation strategy: the effects of fragmentation on extinction.
American Naturalist. 879-887.
Wild, P.W. and R.N. Tasto (eds). 1983. Life history, environment, and mariculture studies of the
Dungeness crab, Cancer magister, with emphasis on the central California fishery resource.
Calif. Dep. Fish Game Fish Bull. 172.
Williams, S. and Heck K.L. Jr. 2001. Seagrass community ecology. In: Bertness, M.D., S. Gaines, and
M.E. Hay (eds) Marine Community Ecology, pp 317–337. Sinauer Associates, Inc.
Sunderland, Massachusetts.
Williamson, K.J. 2006. Relationships between eelgrass (Zostera marina) habitat characteristics and
juvenile Dungeness crab (Cancer magister) and other invertebrates in southern Humboldt
Bay, California, USA. Masters of Science Thesis, Humboldt State University, Arcata,
California. 66 pp.
Willson. M. F. and J.N. Womble. 2006. Vertebrate exploitation of pulsed marine prey: a review and
the example of spawning herring. Rev Fish Biol Fish 16: 183−200. Available at
http://www.researchgate.net/publication/225436579_Vertebrate_exploitation_of_pulsed_
marine_prey_A_review_and_the_example_of_spawning_herring (accessed August 19,
2015).
Wilson, U. W., and J. R. Atkinson. 1995. Black brant and spring-staging use at two Washington
coastal areas in relation to eelgrass abundance. Condor 97:91–98.
Winzler & Kelly Consulting Engineers. 2011. Revised Eelgrass Mitigation and Monitoring Plan for
Humboldt Bay Rowing Association Non-Seasonal Dock and Gangway Eureka, California.
Prepared for Humboldt Bay Rowing Association.
Wiyot Tribe. 2016. Biological and Water Quality Monitoring Data. URL:
http://www.wiyot.us/biological-water-quality-monitoring-data (accessed April 20, 2016).
Worcester, S. E. 1994. Adult rafting versus larval swimming: Dispersal and recruitment of a botryllid
ascidian on eelgrass. Marine Biology 121(2):309-317.
Zieman, J.C. 1976. The ecological effects of physical damage from motor boats on turtle grass beds
in southern Florida. Aquatic Botany 2:127-139.
Žydelis, R., D. Esler, M. Kirk, and W. S. Boyd. 2008. Effects of off-bottom shellfish aquaculture on
winter habitat use by molluscivorous sea ducks. Aquatic Conservation: Marine and
Freshwater Ecosystems 19(1):34–42.

Coast Seafoods Company
Recirculated Draft EIR

8-27

Humboldt Bay Harbor District
July 2016

Section 9.0 Preparers of the R-DEIR and Persons Consulted
CEQA Lead Agency
Humboldt Bay Harbor, Recreation and Conservation District
Jack Crider, Director
George Williamson, District Planner
Applicant & Applicant Representative
Coast Seafoods Company
Greg Dale
Plauché & Carr LLP
Samuel W. Plauché
Robert M. Smith
Jessica F. Anderson

Paul Hastings LLP
Peter Weiner

Consultants
Confluence Environmental
Chris Cziesla
Marlene Meaders
Phil Bloch
Jessica Côté
Grant Novak
Mike McDowell
Ruth Park
Hans Hurn
Alyson Rae
Lauren Odle
Laurie Terry

SHN Consulting Engineers & Geologists
Greg O’Connell
Stein Coriell
Greg Williston

H.T. Harvey & Associates
Scott Demers
Scott Terrill
Sharon Kramer
Ken Lindke

Planwest Partners Inc.
Vanessa Blodgett

Terrastat Consulting Group
Tamre Cardoso
Coast Seafoods Company
Recirculated Draft EIR

9-1

Humboldt Bay Harbor District
July 2016

Organizations and Persons Consulted
Brett Dumbauld
U.S. Department of Agriculture
Agriculture Research Service,
Hatfield Marine Science Center

Bill Pinnix
U.S. Department of Fish and Wildlife,
Arcata Fish and Wildlife Office

Steve Rumrill
Oregon Department of Fish and Wildlife

James Ray
California Department of Fish and Wildlife,
Aquaculture and Bay Management Project

Kim Patten
Washington State University, Long Beach
Research and Extension Unit

Margot Hessing-Lewis
The Hakai Institute

Ryan Bartling
California Department of Fish and Wildlife,
Pacific Herring

Coast Seafoods Company
Recirculated Draft EIR

9-2

Humboldt Bay Harbor District
July 2016

