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ADDENDUM TO PACIFIC COAST GROUNDFISH
PHASE 1 REPORT

SEPTEMBER 2012

The Pacific Coast Groundfish Essential Fish Habitat Review Committee (EFHRC) proposed an
addendum to the Phase 1 Report that was included in the briefing book materials for the September 2012
meeting of the Pacific Fishery Management Council (Council). The Council made minor changes to the
addendum, and are included below:

L.

Marine Protected Area (MPA) maps were omitted from the report issued on August 23 2012, and
will be made available on the Consolidated GIS Data Catalog and Online Registry for the 5-Year
Review of Pacific Coast Groundfish EFH:

http://eth-catalog.coas.oregonstate.edu/overview/

Section 4.5.4 Marine Fisheries Managed by the Tribes [This section subject to legal review,
as per Council direction]

Appendix C, page 145, Paragraph 3: It is essential to understand that the Acoustic Data Coverage
comparison plates simply reveal the distribution of new acoustic data identified across the region.
It should not be assumed that each new data source has been mapped for seabed substrate type.
Although many nearshore and continental shelf sources have been interpreted, there are continental
slope and deep-water sources that need substrate interpretation. Table C.1 may be used to
determine which bathymetry or backscatter source has been used to create a seabed habitat map.
Therefore, map users should not assume that the Aggregate Seabed Habitat Map Distribution 2011
(bottom figure of each plate) map presents a spatially uniform understanding of seabed type. The
Aggregate Seabed Habitat Map Distribution 201Imap is a “mashup” of varying quality and
certainty.

Appendix C-2: Substrate, Map Plate 7 of 12: Seabed Habitat Map Distribution 2005 to 2011: San
Francisco & Monterey Bay and Aggregate Seabed Habitat Map Distribution 2011: San Francisco &
Monterey Bay: Cochrane Bank, which is west of Fanny Shoal, is missing from the two map plates
in the Council report issued on August 23, 2012, but is available online and has been added to the
Consolidated GIS Data Catalog and Online Registry for the 5-Year Review of Pacific Coast
Groundfish EFH and data portal plate maps at: http://eth-catalog.coas.oregonstate.edu/platesCD/

Information and Research Needs

The EFHRC developed additional detail on the recommended information and research needs in
Section 7 of the Phase 1 Report, in order to improve the designation, monitoring, and effectiveness of
groundfish EFH. The following research and information needs replace Section 7 in the Phase 1
Report.

High, medium, and low priorities are indicated in parentheses.

Analyze the new information gathered in the EFHRC groundfish EFH Phase 1 Report, in
order to inform decisions to modify the 2006 groundfish EFH designations.


http://efh-catalog.coas.oregonstate.edu/overview/
http://efh-catalog.coas.oregonstate.edu/platesCD/

a. (high) Evaluate the boundaries of the 2005 EFH closures, relevant to the distribution of
seafloor habitats in the newly developed 2011 maps, to identify areas where habitat
protection should be refined.

b. (high) Evaluate changes in the distribution of fishing effort, using the new 2005
and 2011 maps of effort for the bottom-contact fisheries, and determine if changes
to current area management measures and gear restrictions from 2006 groundfish
EFH regulations may be warranted.

c. (high) Update the table in Amendment 19 (Summary of mean sensitivity levels and
recovery times for all combinations of major gear types (including new gear types and
midwater trawl) and bottom habitat types: Appendix 10 of Appendix A, Table 3) that
addresses relative ranking of gear types in terms of their habitat impacts.

d. (high) Evaluate new information on EFH relative to Level 1-4 (as defined in the
EFH guidance, EFHRC Phase I Report page 13) and compare to information level
available in establishing the 2006 groundfish EFH regulations.

e. (medium) Evaluate associations of vulnerable groundfish species and benthic habitats,
relevant to the 2011 maps of distribution of seafloor habitats, to identify areas where
habitat protection should be refined.

f. (medium) Evaluate new information on non-fishing-gear impacts to EFH
(including environmental/oceanographic trends), especially relevant to 2006
groundfish EFH regulations.

g. (high) Evaluate corals and sponges as components of EFH for groundfishes.

h. (high) Evaluate the 2005 mobile-fishing-gear risk assessment model relevant to new data.

i. (high) Run the habitat suitability probability models for all west coast groundfish
species, using the new maps of habitat distributions and other relevant data.

j. (medium) Conduct field experiments to determine the role of corals and sponges
as components of EFH for groundfishes.

II.  (high) Conduct visual, no-take surveys of fishes and habitats inside and outside current
EFH closures in order to evaluate the effectiveness of these conservation areas.

II.  Improve seafloor maps (bathymetry, backscatter, and associated interpreted substrata
types):

a. (high) Develop maps of interpretative substrate from a backlog of sonar mapping
data. The geographic location of all new acoustic mapping (i.e. where surveys
have been conducted) is shown. However, all new acoustic mapping may not
have been examined or used to create substrate interpretations (i.e. new substrate
classifications in the substrate maps in Appendix C-2).

b. (high) Create an integrated data set from the “aggregate seabed habitat” data,
2011, in Appendix C-2. Specifically, this means to develop an integrated product
from available interpretative substrate data. These integrated data should result in
a seamless product that is suitable for a regional scale analysis.

c. (high) Conduct high-resolution seafloor mapping, particularly on the shelf and
slope associated with groundfish EFH conservation areas.

IV.  Improve the Habitat Use Database (HUD):

a. (high) Develop tools and protocols to aid in data entry and to address specific

architectural problems
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(high) Address potential biases associated with inclusion of species from the
Oregon Nearshore Strategy

(high) Update associations and distribution of groundfish habitat (including prey),
using new information reported in the EFHRC report. Add descriptions for other
species groups similar to those provided for Flatfish group.

(high) Update HUD definitions, documentation, and standards (e.g. clarify
‘preferred depth’; consider young of year (YOY); verify species range and habitat
preference using fishery dependent and independent survey data; develop
standards for recording database amendments and expert opinion).

(low) Develop crosswalk between HUD habitat types with other seafloor habitat
classification schemes (i.e., Greene et al., 1999, FGDC CMECS, 2012)

(low) Implement a maintenance plan, including an oversight committee of HUD
users (NOAA, EHFRC, OSU) and a schedule for regular HUD updates

(medium) Conduct surveys and experiments to evaluate adverse impacts to EFH, across
the geographic range of groundfishes.

(low) Advance the understanding of the affects of a changing climate on West Coast
groundfishes.

Improve groundfish prey information.

a.

b.

(high) Develop criteria for defining major prey species for groundfish species and
lifestages.

(high) Compile lists of major prey species for the all stocks and lifestages in the
groundfish FMP.

(high) Evaluate the habitat use and distribution of major prey species for
groundfishes.

(high) Evaluate potential adverse effects from fishing and non-fishing activities on the
major prey species in the diets of groundfishes.

In addition to the recommendations made regarding research and data needs, the EFHRC recognizes 1) a
need to consider data and information on pelagic habitat components, as related to groundfish
distribution, abundance, and productivity; and 2) a need for socio-economic impact studies in the wake of
EFH changes. The EFHRC does not have the appropriate expertise to evaluate socio-economic impacts.
However, the EFHRC assumes that this will be addressed in the fishery management plan (FMP)
Amendment NEPA analysis, if the Council decides to move forward with Phase 3.
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EXECUTIVE SUMMARY

The designations and detailed descriptions of essential fish habitat (EFH) in the fishery management plans
(FMPs) are used during the EFH consultation process to determine where and for what species EFH has
been designated in the project area. The analyses of the adverse effects from the proposed action, and
potential conservation measures that avoid, minimize, or offset those effects, are informed by the
information contained in the FMP.

The regulatory guidelines for implementing the EFH provisions of the Magnuson-Stevens Act (MSA)
state that Regional Fishery Management Councils and the National Marine Fisheries Service (NMFS)
should periodically review the EFH provisions of FMPs and revise or amend EFH provisions as
warranted, based on available information (50 CFR 600.815(a)(10)). This review included evaluating
published scientific literature and unpublished reports, soliciting input from interested parties, and
searching for previously unavailable information on groundfish stocks identified in the Pacific Coast
Groundfish FMP. The Council may provide suggested changes to existing EFH to NMFS for their
approval, if the information warrants changes. The regulatory guidance provides that a complete review
should be conducted periodically, but at least once every five years. Pacific Coast Groundfish EFH was
first designated in 1998 by the Council as part of Amendment 11 to the groundfish FMP. This review
was initiated in 2010.

This Phase 1 report summarizes the results of the review of information that is new or newly available
since the last Groundfish EFH Review was concluded in 2006. The report includes a description of the
general requirements and elements of EFH, including guidance for periodic reviews; a summary of
existing descriptions of EFH for Pacific Coast groundfish; updated maps of seafloor habitat types and
bathymetry; the currently available information on the distribution of Pacific Coast groundfish; a
summary of models to predict groundfish distribution relative to habitat types, as well as trophic and
ecosystem models useful for groundfish EFH; summaries of new information on the life history and
habitat requirements of the 91 species in the Pacific Groundfish FMP; updated information on threats to
groundfish EFH and prey species, both from fishing and non-fishing activities; and identification of
research needs to further refine groundfish EFH.

The second phase of this review will consider potential changes to EFH, based on the new information
produced in Phase 1, and presents those to the Council. The EFH review is concluded at that point. In
Phase 2, the Council may issue a request for proposals (RFP) to all interested parties for changes to the
identification and description of EFH that are based on the information in the Phase 1 report. If the
Council determines that changes to EFH identification and descriptions are necessary, it then proceeds
with a third phase that utilizes the appropriate management tool to revise EFH.

ES-2: CURRENT DESIGNATIONS FOR PACIFIC COAST GROUNDFISH EFH,
HAPC, AND ECOLOGICALLY IMPORTANT HABITAT CLOSED AREAS

Section 2 summarizes existing EFH for Pacific Coast Groundfish contained in Amendment 19 (Figure
ES-1) (PFMC 2008; NMFS 2005) and the 2006 Final Rule (71 FR 27408), including habitat areas of
particular concern (HAPC) (Figure ES-2) and EFH closed areas (Figure ES-3. Amendment 19 provided
descriptions of EFH for each species and life stage that were developed through an extensive review and
synthesis of the literature available in 2005 (PFMC 2008). Appendix B provided a review of life history
for each species, text descriptions, and tables that summarize, for each species, the habitats used by each
life history stage and the important features of those habitats.

Pacific Coast Groundfish EFH 5-Year Review ES-1 August 2012
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ES-3 REVIEW OF NEW INFORMATION ON GROUNDFISH ESSENTIAL FISH
HABITAT

Section 3 presents new information on habitats that has become available since the EFH designation in
2006 for the 91 species of Pacific coast groundfishes. There are five sub-sections, each accompanied by
comprehensive Appendices:

e  Section 3.1 summarizes an inventory of responses to the NMFS data call (Appendix B).

e Section 3.2 describes (in both text and maps) new information on the distribution of seafloor habitat
types, including data on bathymetry, physical habitat interpretations, and biogenic components of
habitat (Appendices C, D, E, and F).

e Section 3.3 includes summaries of recent information related to habitats for each life-history stage of
the five species groups designated in the FMP for Pacific Coast groundfishes (i.e., flatfishes, other
flatfishes, rockfishes, other rockfishes, and other groundfishes) (Appendix G).

e Section 3.4 is a review of new modeling efforts relevant to the determination and designation of EHF
for Pacific groundfishes (Appendix H).

e Section 3.5 is an update on the Habitat Use Database (HUD) (Appendix I).

ES-3.1 Inventory of Responses to NMFS Data Call

Thirty-nine sources of data relevant to groundfish EFH that had become available since 2006 were
received through the NMFS data call (see Appendix B for details on each item). All of these data can be
used to revise the descriptions of EFH and HAPC or to evaluate risk to EFH. Information associated with
the NMFS data call comprised four general categories:

1. Four sources of new information on the distribution and extent of seafloor maps, seafloor data, and
interpreted Pacific Coast groundfish habitat types were received.

2. Eight sources of new and updated fishery-independent data were received on groundfish species and
associated components of habitat.

3. Twenty sources of new and updated information or data were received on the distribution of habitats,
including two coast-wide oceanographic datasets, 12 surveys of deepwater, structure-forming
invertebrates, two models of deep coral distributions, an assessment of 146 West Coast estuaries, an
online data library and maps of California, and two visual surveys of fish and habitats-

Seven sources of new and updated information were received on existing and emerging threats to Pacific
Coast groundfish EFH. These included five fishery-dependent datasets and two sources of information on
non-fishery threats.

ES-3.2: Bathymetry and Seafloor Habitat Maps

Pacific coast-wide comparative maps of bathymetry (Figure ES-4) acoustic coverage (Figure ES-5) and
seafloor substrate (Figure ES-6) and biogenic habitat observations (ES-7 to ES-9) in 2005 and 2011 were
compiled for the Exclusive Economic Zone (EEZ) off Washington, Oregon and California from all
available sources. Seafloor imagery consisted of gridded bathymetry data sets (Digital Elevation Models
or DEMs), and backscatter imagery. Contour data, either interpolated or derived from DEMSs, were not
included.

The map products displayed in this report were intended to provide a coast-wide overview of available
data, and the methods chosen for display were designed to illustrate the range of values on that scale.
There are other methods for displaying the same data that may provide alternative interpretations of
temporal or spatial differences depending on such factors as geographic scale, value bins, or display

Pacific Coast Groundfish EFH 5-Year Review ES-5 August 2012



algorithms. A data portal is available to allow access to maps and data from this report so that interested
parties can manipulate data for specific purposes: http://efh-catalog.coas.oregonstate.edu/overview;/.

Regional Bathymetric Coverage Available to the PFMC 2005 + Regional Bathymetric Coverage Available to the PFMC 2011

140 210 280

100 200 300 400

Figure ES-4.  California regional bathemetry pre-2005 and post 2005; from Appendix C-3.
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http://efh-catalog.coas.oregonstate.edu/overview/

Acoustic Data Coverage Pre 2005: Northern Washington and Puget Sound Map Plate 1 of 12
} 0 I i i— 3 Bathymatry (10m Contours)

aTw 120w

Acoustic Data Coverage 2005-2011: Northern Washington and Puget Sound
i B I f

aATW 126W W

1ITW 14w

Figure ES-5.  Example of imagry plate From Appendix C-1.
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Seabed Habitat Map Distribution Pre 2005: Southern Oregon Outer Coast
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Seabed Habitat Map Distribution 2005 to 2011: Southern Oregon Quter Coast
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Aggregate Seabed Habitat Map Distribution 2011: Southern Oregon Outer Coast
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Figure ES-6.  Example of bathymetry/substrate habitat plate from Appendix C-2.
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Appendix D maps depict the spatial distribution of selected observations of corals and sponges from
visual surveys conducted by a number of agencies and institutions and by a variety of collection methods.
Many of the locations of observations are included in a national database prepared under the auspices of
NOAA'’s Deep-Sea Coral Research and Technology Program (NOAA 2011). Although there are a
number of records of additional observations recorded at various research institutes, this database is
currently the most comprehensive source of electronically available records of coral and, to a lesser
extent, sponge observations in the region.

Compared to the 2006 groundfish EFH review, this database represents a major advancement in access

and dissemination of records of coral and sponge presence in the region. Furthermore, this database was
not available during the Amendment 19 process.

Selected Observations of Corals & Sponges
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Date Saved: 20 Aug 2012
Author: Curt Whitmire (NOAA Fisheries - NWFSC) Map 14 of 18

Figure ES-7.  Example of map from Appendix D, selected observations of corals and sponges.
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Appendix E plates depict the spatial distribution of standardized survey catch of corals and sponges
within two time periods: “Before” (2003-05 survey cycles) and “After” (2006-10 survey cycles)
implementation of Amendment 19 regulations. The sole data source for the map layers is catch records
from the WCGBTS.
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Figure ES-8. Example of plate from Appendix E-2 showing the distribution of coral CPUE (excluding
sea pen/whips) off the Northern California Coast pre- and post- Amendment 19.

Appendix F Plates depict the spatial distribution of standardized commercial bycatch of corals and
sponges within two time periods: “Before” (3 Jan 2002 — 11 Jun 2006) and “After” (12 Jun 2006 — 31
Dec 2010) implementation of Amendment 19 regulations. Records of limited-entry trawl tows were
compiled from one source: observer records from the WCGOP database. The WCGOP database includes
records of trips for vessels using a variety of bottom trawl gear configurations, including small and large
footrope groundfish trawl, set-back flatfish net, and double rigged shrimp trawl, to name a few. Records
of tows using mid-water trawl gear were not included in this analysis, since observers recorded no
bycatch of corals or sponges using this gear type.
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Figure ES-9. Example plate from Appendix F-1: the distribution of coral and sponge CPUE (Ib/km) as
bycatch from the West Coast Groundfish Trawl Observer Program before and after the implementation of
Amendment 19 regulations.

ES-3.3: Associations of Groundfish with Habitats

Knowledge of spatial associations (e.g., range and depth designations, distribution and abundance
estimates, habitat associations, environmental correlates) and trophic interactions (e.g., diet composition,
predators, foraging habitat, trophic position) is necessary for an accurate description of EFH. A thorough
search was conducted for each of the 91 current FMP species in order to identify and compile all relevant
new literature.

Thorough species accounts that incorporate all relevant information for each life stage (i.e., eggs, larvae,
juveniles, adults) were constructed for the four flatfish species (Appendix G-1), Other Flatfish (Appendix
G-2), Rockfishes (Appendix G-3), Other Rockfishes (Appendix G-4), and Other Groundfish (Appendix
G-5). These are included as analogs to the species accounts provided by McCain et al. 2005
(incorporated into the groundfish FMP) as a way to gauge the possible future utility of such an effort for
all 91 species. The summaries generally synthesize new information on spatial associations and trophic
interactions that are pertinent to the designation of EFH for each of the five designated groundfish groups.
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ES-3.4: Modeling Distribution of Seafloor Habitat Types

Since 2005, a significant amount of research and modeling has been conducted regarding biogenic
habitat. Habitat surveys have been conducted using sidescan and multibeam sonar, human-occupied
submersibles, and remotely operated vehicles (ROVs). Several surveys have documented the interactions
between groundfishes, other demersal fishes, invertebrates, and benthic habitats. Of particular importance
in the future will be the determination of the distribution and abundance of biogenic species including
deep water corals and their role and importance to the groundfish ecosystem.

The EFHRC considered using new modeling applications that could be useful for assessing groundfish
habitat suitability. Models can be used to infer distribution of habitats or species in areas that lack data
and to increase the precision of distribution maps.

A habitat suitability probability (HSP) model, termed the “EFH Model” (PFMC 2011a), was developed in
2004 by NMFS and outside contractors, and used in the 2008 West Coast Groundfish FMP (MRAG
Americas Inc. et al. 2004). The model incorporated three basic variables (seafloor substratum type, depth,
and location) to describe and identify EFH for each life stage of federally managed groundfishes and
presents this information graphically as an HSP profile (PFMC 2011a). Based on the observed
distribution of a groundfish species/life—stage in relation to the input variables, locations along the West
Coast were assigned a suitability value between 0 and 100 percent in the creation of the HSP profile.
These scores and their differences among locations were used to develop a proxy for the areas that can be
regarded as “essential.” The EFH Model provided spatially explicit HSP estimates for 160 of 328
groundfish species/life stage combinations, including the adults of all FMU species (PFMC 2011a). The
remaining 168 species/life stages were not completed because of insufficient data. In 2005, when the
HSPs of all species/life stages were combined, all waters and bottom areas at depths less than 3,500 m
were determined to be groundfish EFH.

Ecopath, typically coupled with the dynamic companion model Ecosim, has become the standard for
trophodynamic modeling not only off the West Coast but also throughout the world’s marine and
freshwater regions. Ecopath is a static (typically steady-state) mass balance model of trophic structure
that integrates information from diet composition studies, bioenergetics models, fisheries statistics,
biomass surveys, and stock—assessments (Field 2004). It represents the initial or reference state of a food
web. Ecosim is a dynamic model in which biomass pools and vital rates change through time in response
to simulated perturbations. Different species or functional groups are represented in Ecopath as biomass
pools with their relative sizes regulated by gains (consumption, production, immigration) and losses
(mortality, emigration). Biomass pools are typically linked by predation, though in some cases
reproduction and maturation information is also included. Fisheries act as super—predators, removing
biomass from the system. The Ecopath model framework allows investigators to evaluate how well
conventional wisdom about a system of interest holds when basic bookkeeping tools are applied, to pool
together species and into a coherent food web, and to evaluate trophic interactions (Field 2004). The
combined model allows users to simulate ecological or management scenarios, such as the response of the
system to changes in primary productivity, habitat availability, climate change, or fishing intensity
(Harvey et al. 2010).

The primary tool used in integrated ecosystem modeling (especially in Australia and the United States) is
the Atlantis Model (Fulton et al. 2004). Although it was originally focused on biophysical and fisheries
aspects of an ecosystem, Atlantis has been further developed to consider all parts of marine ecosystems
(i.e., biophysical, economic and social). The systematic exploration of the optimum level of model
complexity is one of the key strengths of the Atlantis Model. It can be used to identify which aspects of
spatial and temporal resolution, functional group aggregation, and representation of ecological processes
are vital to model performance. The Atlantis modeling approach primarily has been used to address
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fisheries management questions, but increasingly is being implemented to consider other facets of marine
ecosystem use and function (CSIRO 2011).

ES-3.5: Habitat Use Database

The Habitat Use Database (HUD) was developed byNMFS NWFSC scientists as part of the 2005 Pacific
Coast Groundfish Essential Fish Habitat Environmental Impact Statement (EFH EIS) (NMFS 2005).
Specifically, the HUD was designed to address the need for habitat-use analysis supporting groundfish
EFH, HAPCs, and fishing and non-fishing impacts components of the EFH EIS. The 2005 database
captured information on habitat use by groundfishes covered under the FMP as documented in the
updated life history descriptions found in Appendix B.2 of the EFH Final EIS, (NMFS 2005). The
groundfish life history descriptions are the product of a literature review that collected and organized
information on the range, habitat, migrations and movements, reproduction, growth and development, and
trophic interactions for each of the FMU species by life stage.

In addition to providing wide public access to the HUD through PaCOOS, the NWFSC also made data
updates and amendments, platform changes, and taxonomic additions to the database over the period from
2006 to present. The 2011 HUD now includes species other than FMP species, specifically species
identified under Oregon’s Nearshore Strategy (Don et al., 2006).

Since 2005, 126 new species from the potential list of 247 species were added to the HUD as new species
records (Appendix I-2). Therefore, in summary the taxonomic richness or “scope” of the 2011 HUD
grew from 193 to 323 with the addition of the four new species to the groundfish FMP, the four coastal
pelagic species, and the 126 Oregon Nearshore Plan species (Appendix 1-3; note the loss of four predator
species in the 2011 HUD).

ES-4.0: FISHING ACTIVITIES THAT MAY AFFECT EFH

The MSA requires FMCs for each FMP to identify fishing activities that may adversely affect EFH and to
minimize adverse effects of those activities to the extent practicable. Fishing activities should include
those regulated under the Pacific Coast Groundfish FMP that affect EFH identified under any FMPs, as
well as those fishing activities regulated under other FMPs that affect EFH designated under the Pacific
Coast Groundfish FMP.

Sections 4.1 and 4.2 document Fishing Effects on EFH by Gear Type and by Habitat Type, respectively.

ES-4.3: Information on Habitat Effects of Fishing Gear

Since 2005, there have been several new publications, including peer-reviewed literature, white papers
and technical memorandums, relevant to West Coast groundfish fisheries that have studied: 1) the effects
of fishing gear on benthic habitats; 2) predictive modeling of biogenic habitats; and 3) the effects of
fishing gear-related marine debris on habitats. An annotated bibliography of recent articles is presented in
Appendix J.

The recent studies on the effects of fishing gear on benthic habitats are primarily focused on the effects of
trawling and marine debris

ES-4.4: Magnuson Act Fisheries Effects

Figures in Appendix K-1 depict the spatial distribution of commercial bottom trawl effort within two time
periods: “Before” (1 Jan 2002 — 11 Jun 2006) and “After” (12 Jun 2006 — 31 Dec 2010) implementation
of Amendment 19 regulations. Appendix K-2 depicts similar comparisons for mi-water trawl fisheries
and Appendix K-3 depicts similar comparisons for fixed gear fisheries.
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ES-4.5: Non-Magnuson Act Fisheries Effects

The EFHRC requested spatial footprints of state-managed bottom contact gear fisheries, for use in the
groundfish EFH review. Information was either provided or available on line for the Washington’s
Dungeness crab and spot prawn fisheries, the Oregon’s Dungeness crab, hagfish, and pink shrimp
fisheries, and California’s California halibut fishery.

ES-5.0: Newly Identified Threats to EFH

The MSA requires FMCs and NMFS to identify non-fishing activities that may adversely affect EFH, as
well as actions to encourage the conservation and enhancement of EFH, including recommended options
to avoid, minimize, mitigate, or otherwise offset the adverse effects. Appendix D to the FMP includes 31
such activities and associated conservation measures, and The EFHRC identified four additional non-
fishing activities: alternative energy development, liquefied natural gas projects, desalination, and
activities that contribute to climate change and ocean acidification. The report contains sections on
potential adverse effects to EFH and potential conservation measures for the newly identified threats.

ES-6.0: PREY SPECIES

The EFH guidance does not explicitly specify criteria for identifying “major” prey species. However,
even with clear guidance, identifying which prey items constitute major prey for Pacific Coast
groundfishes is highly dependent on the quality and availability of data on diet composition. While some
groundfish species have diet composition samples taken over a broad geographic and temporal range, diet
analysis for many species has been limited to a single time of year at a single location with a small sample
size, and for some groundfish there is no diet data available. This makes broader generalizations about the
diet across the range of the species uncertain, even when the studies are aggregated across species.
Therefore, even where quantitative data do exist, the EFHRC did not attempt to identify “major” prey or
distinguish “major” prey from other prey. For this report, the EFHRC took a general approach and
identified prey at broader taxonomic levels, based on a pre-existing literature reviews.

There is not a large body of literature on Pacific groundfish diets since 2006; however significant details
on diet composition from the literature were not included in the Amendment 19 documentation. In
addition, several groundfish stock assessments were completed in 2009 and 2011, some of which
included information on groundfish diet composition.

ES-7: INFORMATION AND RESEARCH NEEDS

The following information and research are recommended in order to improve the designation,

monitoring, and effectiveness of groundfish EFH:

1. Recommendations to analyze the new information gathered in the EFHRC groundfish EFH Phase 1
Report, in order to inform decisions to modify the 2006 groundfish EFH regulations.

2. Recommendation to conduct visual, no-take surveys of fishes and habitats inside and outside current
EFH closures in order to evaluate the effectiveness of these conservations areas.

3. Recommendation to conduct high-resolution seafloor mapping (bathymetry, back-scatter, and
associated interpreted substrata types), particularly on the shelf and slope associated with groundfish
EFH conservation areas.

4. Recommendation to improve the Habitat Use Database (HUD):
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Recommendation to improve our understanding of habitat condition, including adverse effects of
fishing gear to EFH, across the geographic range of groundfish,

Recommendation to advance our understanding of the affects of a changing climate on West Coast
groundfishes.

Recommendation to evaluate potential adverse effects from fishing and non-fishing activities on the
major prey species in the diets of west coast groundfish.

Pacific Coast Groundfish EFH 5-Year Review ES-15 August 2012



Pacific Coast Groundfish EFH 5-Year Review ES-16 August 2012



TABLE OF CONTENTS Page

1.0 INTRODUCTION ..ottt ettt b e bbbt e bt et b bbbt et neens 1
1.1 Essential Fish Habitat CONSUITALION .........ccviiiiiiiiiicieiess e 2
1.2 Essential Fish Habitat Periodic REVIEWS ..........ooiiiiiiiicie et 3
13 LT i g o0 N o] o] o= Tod o SO SS 4

131 PRASE L ..ottt bbb bbbt re s 4
13.2 PRESE 2 ...ttt sttt Re e e teene e testeeeennas 5
133 T 7 ST 5

2.0 CURRENT DESIGNATIONS FOR PACIFIC COAST GROUNDFISH EFH, HAPC, AND

ECOLOGICALLY IMPORTANT HABITAT CLOSED AREAS ......co oot 6
2.1 Description and identification of EFH for Pacific Coast Groundfish..............ccoceioiiiiiiiivieenn 6

2.1.1 Habitat Areas of PartiCular CONCEIN ........cviiiiiee ettt nae 8
0 O TS (U -SSR 8
2.1.1.2  CANOPY KEIP woviiiciiectieee ettt bbb e e bt e et beerr e besae e e 9
2113 SBAGIASS. . eeuteteeueesteette e sttt he ettt bkt h b e bR R bRt Rt Rt R et bt bt e b b e h e b naeenn e 9
2.1.1.4  ROCKY REETS ...ttt bbbttt bbb 9
2.1.1.5  ATEAS OF INEBIEST....c.eiiiiei ettt sttt sttt re e e sbe e e 10

2.1.2 Ecologically Important Habitat Aras..........cccecvveiiiiieiiiiiic ettt 10

3.0 REVIEW OF NEW INFORMATION ON GROUNDFISH ESSENTIAL FISH HABITAT ............ 13
3.1 Inventory of Responses to NMFS Data Call..........c.cccocoviieiiiiiic i 13
3.2 Bathymetry and Seafloor Habitat Maps...........cccoviiiieiicicicie ettt 14

3.21 Bathymetry and SUDSErate MaPS ........ooiiiiiiiieie s 14
3.2.1.1  Specific Notes by Region Or Data TYPE......ccccviiviieie ettt s 20
3.2.1.2  Specific Notes By CompariSON PIAte ...........cccoiiiiiiciiiice et 20

3.2.2 Bi0genic HabItat IMADS........c.viiiiiieiiieee e 26
3.2.2.1 Selected Observations of Corals and SPONGES ..........ccoerieieiriiriie e 27
3.2.2.2 Distribution of Corals and Sponges from Standardized Catch in the NMFS West
Coast Groundfish Bottom Trawl Survey Conducted Before and After the 2006 EFH Review...... 30

3.2.2.3 Distribution of Corals and Sponges in Standardized Commercial Bycatch from
West Coast Groundfish Observer Program Conducted Before and After the 2006 EFH
REVIBW ettt bRt E Rt R e R bt et R Rt b bttt nenne et 35
3.2.2.4 Information on Commercial Bycatch of Corals and Sponges from West Coast
Groundfish Observer Program Fixed Gear and At-sea Hake Sectors Before and After the

2006 EFH REVIEBW.......cviiiiiiiiticiesie ettt bttt sttt sttt e e neebe e 40

3.3 Associations of Groundfish with HabItatS ............ccceviiiiiiiiiie e 43
3.3.1 Groundfish Species GrOUP SUMMAITES.........ccueieieerieseeieesesee e ste s e steseeste e e e sbesseesresreenaeseeas 43

0 0t - 1 1 ST S 43
3.3.1.2  Other FIAtFISNES .....coviiiiiieeee s 45

3.3. 1.3 ROCKFISNES ...t bbbt 45
3.3.1.4  Other ROCKFISNES......c.eiiiieee et 45
3.3.1.5  Other GroundFiSNES........ccveiii et 46

3.4 Modeling Distribution of Seafloor Habitat TYPES .......ccoiiiiiiiiiiieiceese e 46
34.1 Description of Available Habitat MOdelS ...........ccoooioiiiiie e 47
3.4.1.1 Habitat Suitability Probability Model ...........cccooeiiiiii e 47
3.4.1.2 ECOPAth/ECOSIM MOUEIS ......oviiiiiiiieiisiisiesie s 48
3.4.1.3  AANTIS MOEL ... et 49
B Y [0 0 - Y/ P 49

Pacific Coast Groundfish EFH 5-Year Review i August 2012



TABLE OF CONTENTS (continued) Page

35 Habitat Use Database ..........ooeeiiieee e 50
351 Data Structure and Software Platform ... 51
3.5.2 Comparing the 2005 and 2011 HUD .......ccooiiiiiiiiieinisee e 51

3.5.2.1 The 2005 HUD: SCOPe and EXIENT........ccccoiriiriiieinisiesesiesie e 51
3.5.2.2  The 2011 HUD: Scope and EXIENT.........cccveieiiieeiese et 52

3.53 Using the HUD with Geographic Information Systems (GIS) .........cccccocvvininennieinnnnn 53
354 PeNdiNG UPAALES .......oeveiieeie ettt sttt be et e besne et e steaaesreereeneens 54

4.0 FISHING ACTIVITIES THAT MAY AFFECT EFH.....ccviiiii e 55

4.1 Fishing Effects 0n EFH DY GAI TYPE......uiuiiiiieiiieisiisese et 55
411 BOTOM TTAWHING ...ttt 56
4.1.2 MiId-Water TraWIING ....cocveeiiiiicce et sre e sre e e e s eeenne s 56
4.1.3 BOTIOM LONG LINE ...ttt ettt ettt 57
414 POL QNG TIAP GRAT .....eeviiiiiiieii sttt bttt ettt nb e 57
4.15 ROUNANAUI GEAN ......oveeeieeieeee ettt se e n e s e re e e nes 57
4.1.6 Derelict COMMEICIAl GEAK .........oieieierieiee ettt r et nes 57

4.2 Fishing Effects on EFH by Habitat TYPe.......cooiiiiiiiiiieeee e 58
4.2.1 DYNAMIC HADITALS..........ciiiieic et et re s te e e s beera e s besae e e e 58
422 DiStUrDEd HabILaLS. ... ..ccveiiieiiieieieeee et 58
423 RECOVErY OF HADITALS. ......cveviiieiieeees s 58
4.2.4 Habitat RelatioNSNIPS ......coviiiiiiiicee s 59

4.3 Information on Habitat Effects of FiShing Gear ..........c.cccovveiiiiiic s 59
431 Information in the Groundfish FIMP .........cooiiiiii e 59
432 New Information on Habitat EFfeCtS..........ccccevviiii i 59

4.4 Magnuson AcCt FiSheries EFfECtS ..ot 60
44.1 Distribution of Commercial Fishing Effort.............cccocoviiiiiiiiiic e 60

4.4.1.1  Bottom Trawl EFFOrT........cccooiiiiee e 60
4.4.1.2  Mid-Water Trawl EFfOrt.........ooovoieiiciee e 65
4.4.1.3  FiXed Gear EFfOrT ...t e 67
4.4.2 Recreational FiSNING ........c.ccviiiiii et sre e 70
4.4.3 MiINIMIZING EFFECLS ...oviiiee e e 70
O R =Ty i (= [0 od 1 o o SR 70
O A €T Y g |V oo [ o= (oo SR 71
4.4.3.3  ATEA CIOSUIES ..ottt ettt bbbt b bbb bt 72

45  Non-Magnuson Act FiSheries EffECTS ........cooiiiioiieie e 73
45.1 Fisheries Managed by the State of Washington............cccoooviiiniiiiee e 73
452 Fisheries Managed by the State 0f Oregon .........ccoviiiiiiieice e 77
453 Fisheries Managed by the State of California............ccoceoviiiniiiiinii e 84

5.0 NON-FISHING ACTIVITIES THAT MAY AFFECT EFH....cooooiviieieciessiessiessissse s 88

51 Newly Identified Threats t0 EFH ..o e 89

511 Alternative Energy DeVEIOPMENT.........c.coiiiiiiiiiese e 89
5.1.1.1  Potential AAVErse IMPACES .........ccecieiiiieie ettt s be e ereenes 90
5.1.1.2 Recommended CoNnsServation MEASUIES ...........ccvieeruereeeesieseeieseseeseeseeeeseesseessesreanens 92

5.1.2 (D 1CT 1 T gL o] o SRS PPP 92
5.1.2.1 Potential AdVerse EffECtS.......ccccviiiiiiicisse e e 93

5.1.3 Activities that Contribute to Climate Change and Ocean Acidification .............cc.ccccene.ee. 94

514 Liquefied Natural Gas PrOJECTS ........coeiiieiiiriiiiisiere e 95
5.1.4.1 Potential adverse effects t0 EFH ........covoiiiiiiii e 95
5.1.4.2 Potential CoNSErvation MEASUIES..........cueiriierierieieieeeeere e sie e e s sse e e seenes 96

Pacific Coast Groundfish EFH 5-Year Review ii August 2012



TABLE OF CONTENTS (continued) Page

6.0 PREY SPECIES..... .ottt ettt st sttt e se e st e sttt neeneanes 97
6.1  Prey Species Listed in the Groundfish FIMP ..o 97
6.2 New INformation 0N PreY SPECIES .......cciiiiiiiiieiieieieiees ettt 98
6.3 Potential Fishing Activity Impacts to Groundfish Prey SPecies.........cccovvvvviiviiieeineiecineninns 104

6.3.1 Assessing Adverse Impacts due to Fishing Effects..........ccccovvvviiiiiici v 105
6.3.1.1  Krill (EUPNAUSTIUS) ...ttt 105
6.3.1.2  Pacific Herring (Clupea pallasi).........ccccueiiiieiiiiiie e 106
6.3.1.3  Northern Anchovy (ENgraulisS MOIdaX) .......cccceeiueerieereeiieesieesieesieesieesseeseesseeseeesseessnens 107
6.3.1.4 Market Squid (Doryteuthis OPalESCENS) .........ccverreiiiririesese e 107
6.3.1.5 Pacific Hake (MerlucCius ProdUCLUS) .........cccureiruiriiie et 107
6.3.1.6 Deposit Feeders and BenthiC CarniVOreS ..........ccccvevieieieeiese et sre e snen 108
6.3.1.7  Other Unmanaged Prey SPECIES. ......ccuieiriririiriiie ettt 108

6.4 Potential Non-Fishing Activity Impacts to Groundfish Prey Species..........ccccovvvvvviviiveieinannns 108

7.0 INFORMATION AND RESEARCH NEEDS ........c.cociiiiiieiiisesese e 109

8.0 REFERENGCES .......ooiiitiiiiteeie ettt ettt b ettt s st e et sttt et et e s enenbesne st e 111

9.0 APPENDICES ...ttt bbb bbb bbbttt e 121
Appendix A Persons Consulted and Chronology for the Periodic Review of Pacific Coast

Groundfish Essential Fish Habital ...........cccccoioiiiiiiiieee e, 122
Appendix B Results from fhe NMFS 2011 Groundfish Essential Fish Habitat Data Call................ 123
Appendix C Bathymetry and Seafloor Habitat Maps...........cccccveviiiiiiiciecc e 145
Appendix D Selected Observations of Corals and SPONQES ..........coeveiiiiiriiereeeee e 182

Appendix E Distribution of Corals and Sponges from Standardized Catch in the NMFS West
Coast Groundfish Bottom Trawl Survey Conducted Before and After the 2006
EFH REVIBW ....ccveiii ettt ettt be et teste s e nteene et e 202

Appendix F  Distribution of Corals and Sponges in Standardized Commercial Bycatch from
West Coast Groundfish Observer Program Conducted Before and After the 2006

EFH REVIBW ...ttt ettt e be et st e steen e nteene e e e 244
Appendix G Groundfish Species Group Life HiStory SUMMAries .........cccocovevieevieevieviesie e erieenieens 310
Appendix G-1 Flatfish Group SPecies ACCOUNES ........ccccveiiiiieeiieieie e 312
Appendix G-2 Other Flatfish Group Summary Information..........ccccceevvveiiiiiic s, 323
Appendix G-3 Rockfishes Group Summary INformation .............cccceoeiiiininenineneseesese s 325
Appendix G-4 Other Rockfishes Group Summary Information ..........ccccccoevieiii e 327
Appendix G-5 Other Groundfishes Group Summary Information............cccceeeeviiininenenesee 330
Appendix G-6 Bibliography of Recent Literature Relevant to EFH for Pacific Coast
GrOUNATISNES ... ettt e e e seeeneas 334
Appendix H Description of Available Habitat Models ............c.cccoviiiiiicic e 350
Appendix | Habitat Use Database ..........ccooiiiiiiiiiieiisese s 372
Appendix 1-1  Entity Relationship Diagrams ...........cccoieiriiiieenieee e 372
Appendix 1-2 2005 & 2011 HUD Scope and EXIENT .......ccccveiieiiiiie e se e re e 375
Appendix 1-3 ODFW Nearshore Plan Species Included in the 2011 HUD ..........cccccoevevevveiennene, 382
Appendix 1-4 2005 CrosSWalk TabIe ..........ociiiiiiiiiieee e 385
Appendix 1-5 2011 HUD Crosswalk Table, One SGH (habitat code) to Many HUD Codes......... 387
Appendix -6 INvertebrate UPALES.........coviviieiiiicic ettt st 389
Appendix J  Fishing Gear Impacts Findings from Amendment 19 (EFH) to the Groundfish FMP
as Compared to Current INFOrmation ...........ccocooiiiiiiie i 395

Pacific Coast Groundfish EFH 5-Year Review iii August 2012



TABLE OF CONTENTS (continued) Page

Appendix K Commercial Fishing EFfOrt ... 400
Appendix K-1 Bottom Trawl EFfOrt..........cccoiiiiiiiiie e 401
Appendix K-2 Mid-Water Trawl EFfOrt..........ccoooiiiiiiiiiec e 411
Appendix K-3 FiXed Gear EFfOrT ..o e 416

Pacific Coast Groundfish EFH 5-Year Review iv August 2012



LIST OF TABLES Page
Table 1.  List of groundfish species and stocks managed under the Pacific Coast Groundfish

Fishery Management PIan. ..ot 2
Table 2. Working schedule for Phase 1 of the Pacific Council groundfish EFH review. ....................... 4
Table3.  Summary of records of coral and sponge observations depicted in map views

categorized by cOlECtion MEthOM.. ........c.cov i 28
Table4.  Summary of coral and sponge taxa recorded during tows as part of the West Coast

Groundfish BOttOmM Trawl SUMVEY .........ciiiiiiiieeee s 32
Table5.  Summary of coral and sponge bycatch metrics for observed tows using bottom trawls

as part of the West Coast Groundfish ODbServer Program ............ccoceeoeerenenienieneene e 38
Table 6.  Summary of coral and sponge bycatch metrics for observed sets using fixed gears as

part of the West Coast Groundfish Observer Program..........c.ccccoveeveieeieiesiese e 42
Table 7. Summary of coral and sponge bycatch metrics for observed tows using mid-water trawl

gears as part of the At-Sea Hake ODBServer Program ... 42
Table 8.  Gear Types Used in the West Coast Groundfish Fisheries ..........cccoovvviviiiiiiiiiiesc e 56
Table 9.  Summary of commercial bottom trawl effort............ccccooiiii i 64
Table 10. Summary of commercial mid-water trawl effort............cocovviiiiinii 66
Table 11.  Summary of observed fixed gear €ffOrt...........ccooviiiiiiiii s 69
Table 12. Counts of vessels participating in groundfish fishery sectors: 2005-2011.........ccccccccevvevenene 71
Table 13.  Non-fishing activities that may adversely affect Pacific Coast groundfish EFH . .................. 89
Table 14.  List of prey species from the Gourndfish FMP. .........c.ccooiiiiiiiii e 98
Table 15.  Major prey components from selected SPECIES QroUPS.......cveveieerieieeiiese e se e 100

Pacific Coast Groundfish EFH 5-Year Review v August 2012



LIST OF FIGURES

Figure 1.
Figure 2.
Figure 3.
Figure 4.

Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.

Figure 12.
Figure 13.
Figure 14.
Figure 15.

Figure 16.
Figure 17.

Figure 18.
Figure 19.

Figure 20.
Figure 21.

Figure 22.
Figure 23.

Figure 24.
Figure 25.

Figure 26.
Figure 27.
Figure 28.
Figure 29.

Page
Current essential fish habitat description for the Pacific Coast groundfish...........cc.ccccceevveene. 7
GroundfiSh HAPC. ...ttt sttt sttt et enbesneeneesaeaneenaeas 11
Ecologically important habitat CloSed areas. ...........ccccveveiicieii s 12
Washington and Oregon regional bathemetry pre-2005 and post 2005; from Appendix
O SRS 16
California regional bathemetry pre-2005 and post 2005; from Appendix C-3. .......c.ccccccvenene 17
Example of imagry plate From AppendixX C-1. .......ccooiiiiiiiiineieieeeese e 18
Example of bathymetry/substrate habitat plate from Appendix C-2.........cccooveviiiieieiieiiennne 19
Example of map from Appendix D, selected observations of corals and sponges.................. 29
Conceptual drawing of how the ArcGIS kernel density algorithm works...........c.cccceeevnnnne. 33
Conceptual drawing of how the ArcGIS line density algorithm works...........c.cccceveiiiienens 33
Example of plate from Appendix E-2 showing the distribution of coral CPUE off the
Northern California Coast from the West Coast Groundfish Bottom Trawl Survey. ............. 34
Example of plate from Appendix E-2 showing the distribution of coral CPUE off the
Northern Washington Coast from the West Coast Groundfish Bottom Trawl Survey. .......... 35
Example plate from Appendix F-1: the distribution of coral and sponge CPUE (Ib/km)
as bycatch from the West Coast Groundfish Trawl Observer Program ..........c.ccccceveveivrnnnnnn. 39
Example plate from Appendix F-5: the distribution of coral and spong CPUE (lb/ton
groundfish) as bycatch from the West Coast Groundfish Trawl Observer Program............... 40
Example of Appendix K-1 bottom trawl effort from commercial logbook records in the
PACFIN regional datahase. .........ccccveiiiieiic ettt sreenes 63
Conceptual drawing of a convex hull of a set of poINts. ........cccccocviviiiiicc e, 64
Example of Appendix K-2 mid-water trawl effort from commercial logbook records in
the PacFIN regional database. ..........cccooveieiiiiii e 67
Example of Appendix K-3 fixed gear effort from commercial logbook records in the
PaCFIN regional database. ...........cccoiiieiiiiiii s 69
Washington Dungeness crab fishery footprint during the 2009-2010 and 2010-2011
K=o 0] T T TPV PV PT PP PP 74
Washington spot prawn pot gear fishery footprint during the 2003-2011 seasons. ................ 76
Oregon Dungeness crab pot fishery footprint for the 2007-08, 2009-10 and 2010-11
R=T: 0] T T TR TR PP PP OPPRPRRTTR 78

Oregon hagfish pot fishery footprint from 1998-1993, 1999, part of 2001, 2002-2011 ......... 79
Oregon pink shrimp bottom trawl fishery footprint from the 1987, 1989, 1992, 2005

AN 2011 SBASONS. ....eeveeeeieeieete etttk b bt b bbbt bt bt e bbb e s 80
California historical statewide bottom trawl effort from 1997 to 2006............cccccoereievennnn. 85
Bottom trawl intensity in the area of four California halibut trawl grounds proposed (as

OF 2008) TOF CIOSUIE. ..ottt et s be et e re et e ta e e e sreanaenaeas 86
Depiction of hard or mixed substrate, kelp habitat, and two submarine canyons. .................. 87
San Francisco Bay Pacific herring spawning biomass estimates for season 1978-2011....... 106
Market squid landings in California by SEaSON. .........c.ccoiiiriiiiiiie e 107
Total Pacific hake landings by sector (including tribal catches) and Time series of

estimated relative Pacific hake spawning depletion through 2011...........ccooiiiviiiiiiennne 108

Pacific Coast Groundfish EFH 5-Year Review Vi August 2012



LIST OF ACRONYMS AND ABBREVIATIONS
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AUV autonomous underwater vehicle
BCCA bottom contact closed area
BTCA bottom trawl closed area
CalCOFI California Cooperative Oceanic Fisheries Investigations
CDFG California Department of Fish and Game
CHS Center for Habitat Studies
CHTG  California halibut trawl grounds
CPS coastal pelagic species
CPUC catch per unit catch (of groundfish)
CPUE catch per unit effort
CRCP Coral Reef Conservation Program
CSMP California Seafloor Mapping Project
CSUMB California State University Monterey Bay (SFL: ) (SML: Seafloor Mapping Lab)
DEM digital elevation models
DSC deep-sea coral
DSCRTP Deep Sea Coral Research and Technology Program
EEZ exclusive economic zone
EFH essential fish habitat
EFHRC  Essential Fish Habitat Review Committee
EIS environmental impact statement
EMF electromagnetic field
ESA Endangered Species Act
ESU evolutionarily significant unit
FERC Federal Energy Regulatory Commission
FMC Fishery Management Council
FMP fishery management plan
FMU fishery management unit
GHG greenhouse gases
GIS geographic information system
HAPC habitat area of particular concern
HSP habitat suitability probability
HU hydrologic unit
HUD Habatat Use Database
IP intrinsic potential
LEI long-term effect index
LNG liquefied natural gas
LWD large woody debris
MHHW  mean high high water (sea level)
MPA marine protected area
MSA Magnuson-Stevens Fishery Conservation and Management Act
MSF multi-stage flash (distillation)
mt metric ton
NCC Northern California Current
NEPA National Environmental Policy Act
NMFS National Marine Fisheries Service
NOAA  National Oceanographic and Atmospheric Administration
NPFMC  North Pacific Fishery Management Council
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NWFSC Northwest Fisheries Science Center (NMFS)

NWR Northwest Region (NMFS)
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ONMS  Office of National Marine Sanctuaries

PaCOOQOS Pacific Coast Ocean Observing System

PFMC Pacific Fishery Management Council

ppt parts per thousand
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PSMFC  Pacific States Marine Fisheries Commission
RO reverse osmosis (distillation)

ROV remotely operated vehicle
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SCV submerged combustion vaporization

SFMI structure forming marine invertebrates
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SWFSC  Southwest Fisheries Science Center (NMFS)
SWR Southwest Region (NMFS)

USGS United States Geological Survey

WCGBTS West Coast groundfish bottom trawl survey
WCGOP West Coast Groundfish Observer Program
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1.0 INTRODUCTION

The Magnuson-Stevens Fishery Conservation and Management Act (MSA)(16 USC 1801 et seq) defines
essential fish habitat (EFH) as “those waters and substrate necessary to fish for spawning, breeding,
feeding, or growth to maturity,” and requires Fishery Management Councils (FMCs) to describe and
identify EFH in fishery management plans (FMPs). The FMPs should identify EFH based on current
distribution, habitat components, historical presence, or other factors, and should also identify habitat
requirements at each life stage and research needs. FMPs must evaluate potential adverse impacts from
both fishing and non-fishing activities, as well as minimize adverse effects of fishing to the extent
practicable. FMPs should identify habitat areas of particular concern (HAPC) within EFH based on the
habitat’s ecological function, sensitivity to human-induced disturbance, rarity, or whether development
activities may stress a particular habitat. The National Marine Fisheries Service (NMFS) has approval
authority for the designations provided by the FMCs.

The Pacific Fishery Management Council (Council) has, in Amendment 19 of the Groundfish FMP
(Amendment 19) (PFMC 2008), identified EFH for over 80 species of Pacific Coast groundfish. In
estuarine and marine areas, groundfish EFH extends from the nearshore and tidal submerged
environments within state territorial waters out to the limits of the exclusive economic zone (EEZ)
offshore of Washington, Oregon, and California or to depths of 3,500 m, whichever is nearer shore, plus
some seamounts in greater depths HAPC. As recommended by the Council, the Secretary of Commerce
(Secretary) designated Pacific Coast groundfish EFH as all waters out to the limit of the EEZ in 1998
(FMP Amendment 11, Appendix B) (64 FR 6597), then made major revisions under Amendment 19 (71
FR 27408; PFMC 2008)).

This Phase 1 report summarizes the results of the review of information that is new or newly available
since the last Groundfish EFH Review was concluded in 2006. The report includes a description of the
general requirements and elements of EFH, including guidance for periodic reviews; a summary of
existing descriptions of EFH for Pacific Coast groundfish; updated maps of seafloor habitat types and
bathymetry; the currently available information on the distribution of Pacific Coast groundfish; a
summary of models to predict groundfish distribution relative to habitat types, as well as trophic and
ecosystem models useful for groundfish EFH; summaries of new information on the life history and
habitat requirements of the 91 species in the Pacific Groundfish FMP (Table 1); updated information on
threats to groundfish EFH and prey species, both from fishing and non-fishing activities; and
identification of research needs to further refine groundfish EFH.

Appendix A lists the people that contributed to this report, including members of the EFHRC, and their
affiliations, and a chronology of EFHRC meetings and results.
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Table 1. List of groundfish species and stocks managed under the Pacific Coast Groundfish Fishery Management
Plan (species added to the FMP since 2005 marked with **).

Flatfishes

Other rockfishes

Arrowtooth flounder, Atheresthes stomias
Dover sole, Microstomus pacificus

English sole, Parophrys vetulus

Petrale sole, Eopsetta jordani

Other flatfishes

Butter sole, Isopsetta isolepis

Curlfin sole, Pleuronichthys decurrens
Flathead sole, Hippoglossoides elassodon
Pacific sanddab, Citharichthys sordidus
Rex sole, Glyptocephalus zachirus

Rock sole, Lepidopsetta bilineata

Sand sole, Psettichthys melanostictus
Starry flounder, Platichthys stellatus

Rockfishes

Black rockfish, Sebastes melanops

Blackgill rockfish, Sebastes melanostomus
Bocaccio, Sebastes paucispinis

Canary rockfish, Sebastes pinniger
Chilipepper, Sebastes goodie

Cowcod, Sebastes levis

Darkblotched rockfish, Sebastes crameri
Longspine thornyhead, Sebastolobus altivelis
Pacific ocean perch, Sebastes alutus
Shortbelly rockfish, Sebastes jordani
Shortspine thornyhead, Sebastolobus alascanus
Splitnose rockfish, Sebastes diploproa
Widow rockfish Sebastes entomelas
Yelloweye rockfish, Sebastes ruberrimus
Yellowtail rockfish, Sebastes flavidus

Other groundfishes

Cabezon, Scorpaenichthys marmoratus
Lingcod, Ophiodon elongatus

Pacific cod, Gadus macrocephalus

Pacific hake, Merluccius productus
Sablefish, Anoplopoma fimbria

Big skate, Raja binoculata

California skate, Raja inornata

Kelp greenling, Hexagrammos decagrammus
Leopard shark, Triakis semifasciata
Longnose skate, Raja rhina

Pacific flatnose, Antimora microlepis
Pacific grenadier, Coryphaenoides acrolepis
Spiny dogfish, Squalus acanthias

Spotted ratfish, Hydrolagus colliei

Tope, Galeorhinus galeus

Aurora rockfish, Sebastes aurora

Bank rockfish, Sebastes rufus
Black-and-yellow rockfish, Sebastes chrysomelas
Blue rockfish, Sebastes mystinus
Bronzespotted rockfish, Sebastes gilli

Brown rockfish, Sebastes auriculatus

Calico rockfish, Sebastes dallii

California scorpionfish, Scorpaena guttata
**Chameleon rockfish, Sebastes phillipsi
China rockfish, Sebastes nebulosus

Copper rockfish, Sebastes caurinus

Dusky rockfish, Sebastes ciliatus
**Dwarf-red rockfish, Sebastes rufinanus
Flag rockfish, Sebastes rubrivinctus
**Freckled rockfish, Sebastes lentiginosus
Gopher rockfish, Sebastes carnatus

Grass rockfish, Sebastes rastrelliger
Greenblotched rockfish, Sebastes rosenblatti
Greenspotted rockfish, Sebastes chlorostictus
Greenstriped rockfish, Sebastes elongates
**Halfbanded rockfish, Sebastes semicinctus
Harlequin rockfish, Sebastes variegatus
Honeycomb rockfish, Sebastes umbrosus
Kelp rockfish, Sebastes atrovirens

Mexican rockfish, Sebastes macdonaldi
Olive rockfish, Sebastes serranoides

Pink rockfish, Sebastes eos

**pPinkrose rockfish, Sebastes simulator
**puget Sound rockfish, Sebastes emphaeus
**Pygmy rockfish, Sebastes wilsoni
Quillback rockfish, Sebastes maliger
Redbanded rockfish, Sebastes babcocki
Redstripe rockfish, Sebastes proriger
Rosethorn rockfish, Sebastes helvomaculatus
Rosy rockfish, Sebastes rosaceus

Rougheye rockfish, Sebastes aleutianus
**Semaphore rockfish, Sebastes melanosema
Sharpchin rockfish, Sebastes zacentrus
Shortraker rockfish, Sebastes borealis
Silvergray rockfish, Sebastes brevispinis
Speckled rockfish, Sebastes ovalis
Squarespot rockfish, Sebastes hopkinsi
Starry rockfish, Sebastes constellatus
Stripetail rockfish, Sebastes saxicola
**Swordspine rockfish, Sebastes ensifer
Tiger rockfish, Sebastes nigrocinctus
Treefish, Sebastes serriceps

Vermilion rockfish, Sebastes miniatus
Yellowmouth rockfish, Sebastes reedi

1.1 Essential Fish Habitat Consultation

Federal agencies must consult with NMFS on activities that may adversely affect EFH, regardless of
whether or not those activities occur within designated EFH. In other words, an activity can adversely
affect EFH without occurring within EFH. An adverse effect means any impact that reduces either the
guantity or quality of EFH (50 CFR 600.810). For those activities that would adversely affect EFH,
NMFS then provides EFH conservation recommendations to the Federal agency to avoid, minimize, or
offset those adverse effects. The Federal agency must respond to NMFS within 30 days of receiving EFH
conservation recommendations, including a description of measures proposed for avoiding, mitigating, or

offsetting the impact to EFH.

For responses that are inconsistent with the EFH conservation
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recommendations, the Federal agency must explain its reasons for not following the recommendations,
including the scientific justification for any disagreements with NMFS over the anticipated effects of the
action and the measures needed to avoid, minimize, mitigate, or offset such effects. Fishery Management
Councils may also comment on proposed actions that may adversely affect EFH of a fishery resource
curently withing an FMP. Although state agencies are not required to consult with NMFS on activities
that may adversely affect EFH, NMFS is obligated to provide conservation recommendations to state
agencies if NMFS receives information that an activity will adversely affect EFH. Whenever possible,
NMFS utilizes existing coordination procedures to transmit EFH conservation recommendations.

The designations and detailed descriptions of EFH in the FMPs are used during the EFH consultation
process to determine where and for what species EFH has been designated in the project area. The
analyses of the adverse effects from the proposed action, and potential conservation measures that avoid,
minimize, or offset those effects, are informed by the information contained in the FMP.

1.2 Essential Fish Habitat Periodic Reviews

The regulatory guidelines for implementing the EFH provisions of the MSA state that Regional FMCs
and NMFS should periodically review the EFH provisions of FMPs and revise or amend EFH provisions
as warranted, based on available information (50 CFR 600.815(a)(10)). This review included evaluating
published scientific literature and unpublished reports, soliciting input from interested parties, and
searching for previously unavailable information on groundfish stocks identified in the FMP. The
Council may provide suggested changes to existing EFH to NMFS for their approval, if the information
warrants changes. The regulatory guidance provides that a complete review should be conducted
periodically, but at least once every five years. Pacific Coast groundfish EFH was first designated in
1998 by the Council as part of Amendment 11 to the Pacific Coast Groundfish FMP. The current review
was initiated in 2010.

Since EFH for Pacific Coast groundfish was first designated, NMFS has taken steps to clarify the process
for designating and refining EFH. In 2002, NMFS published final rules to implement the EFH provisions
of the MSA (50 CFR Part 600), and, in 2006, issued a memo providing additional guidance to refine the
description and identification of EFH (NMFS 2006). The 5-year review presented was guided by these
two clarifying documents.

The primary purpose of an EFH review is to examine new or newly available information, especially as it
relates to the information that was used as the basis for the current EFH designations. The review should
focus on the components of EFH identified in the regulatory guidance (50 CFR 600.815):

(1) EFH description and identification
(2) MSA fishing activities

(3) Non-MSA fishing activities

(4) Non-fishing activities

(5) Cumulative impacts analysis

(6) Conservation and enhancement

(7) Identification of major prey species
(8) Identification of HAPCs

(9) Research and information needs

The periodic review provides FMCs and NMFS with the information that may lead to improvements in
the identification and description of EFH. For this review, the Council has adopted a phased approach, in
which the first phase consists of issuing a data call and compiling new and newly available information,
then, when possible, comparing it with the suite of information that was available at the previous review.
The second phase considers potential changes to EFH, based on the new information produced in the
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Phase 1, and presents those to the Council. In Phase 2, the Council may issue a request for proposals
(RFP) to all interested parties for changes to the identification and description of EFH that are based on
the information in the Phase 1 report. If the Council determines that changes to EFH identification and
descriptions are necessary, it then proceeds with a third phase that utilizes the appropriate management
tool to revise EFH.

1.3 Methods/Approach

The NWFSC and SWFSC received funding from the NMFS Office of Habitat Conservation to support
two part-time researchers through NOAA cooperative institutes. These contractors assisted NMFS in
identifying, gathering, summarizing, reporting, and serving data that are relevant to the 5-year review of
Pacific Coast groundfish EFH. This included data that were identified in response to a NMFS data
request issued in February 2011. These researchers, along with NMFS researchers and the EFHRC
identified and summarized new and updated information on:

« the distribution and extent of seafloor maps of bathymetry and interpreted Pacific Coast

groundfish habitat types;

« the distribution and extent of groundfish fishing effort;

« the distribution of biogenic habitat;

» spatial management boundaries;

* prey species for groundfish; and

» associations of groundfish with habitats of different types.

In addition to the contractors, NMFS researchers, and members of the EFHRC, significant contributions
to Phase 1 of the review were received from the Deep Sea Coral Status Report and the NOAA-led effort
for Integrated Ecosystem Assessment of the California Current. The NWFSC and SWFSC, in
collaboration with the NMFS Regions and the Council’s EFHRC, provided assistance and direction in
accomplishing the overall task of identifying and summarizing new and updated information and data
relevant to the 5-year review of Pacific Coast groundfish EFH.

A schedule to complete Phase 1 of the groundfish EFH review, while subject to modification as
necessary, was approved by the Council at its April 2012 meeting (Table 2).

Table 2. Working schedule for Phase 1 of the Pacific Council groundfish EFH review.

Timing/Due Date Action
April 2011 Council approves the process, and solicits for information and data (deadline: July 1, 2011)
Summer 2011 NMFS Science Center (or contractor) compiles and synthesizes data and information, initiates review. EFHRC

starts reviewing interim products

Dec 31, 2011 NMFS Science Center (or contractor) product due

April, 2012 EFHRC provides progress update to Council

Jan-August 2012 EFHRC drafts report summarizing new data and information; including how it compares with existing information,
maps, etc.

September 2012 Council adopts interim report and consideres revised RFP

Sept 2012-Mar 2013 NMFS NWFSC synthesizes information in Phase 1 Report

April 2013 NMFS NWFSC presents synthesis report to Council; Council decides whether or not to issue an RFP for any

changes to existing GF EFH, HAPCs, etc. (END PHASE 1)

1.3.1 Phase1

Phase 1 of the groundfish EFH review is intended primarily to inform the Council of significant changes
in knowledge since the last EFH review was completed in 2006. Phase 1 was not intended to develop
alternatives to groundfish EFH for Council consideration. Some issues to consider when evaluating new
information used to support existing EFH designations include changes in the number of species in the
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Groundfish FMP, fishery status of the species (e.g., overfished or rebuilt), and errors to current EFH
descriptions or identifications. While Phase 1 will not include a comprehensive analysis of data to
develop alternatives, examples of applications of new information are provided to demonstrate their
utility, inform development of proposals, and set priorities for modification of EFH components.

1.3.2 Phase 2

The Council may solicit proposals to modify EFH components, based on the new and newly available
information presented to the Council, its advisory bodies, and the public during Phase 1. The EFHRC
will review these proposals and may generate additional proposals if it determines that 1) submitted
proposals do not address obvious candidates for changes to EFH, and 2) if the available information
warrants it. The EFHRC will prepare a Phase 2 report for presentation to the Council at the November
2013 meeting. The Council will consider the report, public comment, and advisory body
recommendations, and decide whether new information warrants changes to groundfish EFH. The EFH
periodic review is effectively concluded when the Council accepts the Phase 2 report from the EFHRC.
Should the Council recommend changes to existing EFH identification or descriptions, it will determine
an appropriate process (e.g., FMP amendment, management measure specifications, SAFE Report, etc.)
for further analysis and consideration of proposals

1.3.3 Phase 3

If the Council decides to adopt changes to groundfish EFH, Phase 3 of this review will include a process
to identify relevant issues, develop and analyze alternatives in a NEPA document, and take final action to
amend the Groundfish FMP. Identification of relevant issues will be based largely on the Phase 1 EFH
Review and subsequent Phase 2 proposals. Selection of alternatives will be based on Phase 2 proposals
and additional input from agencies, advisory bodies, and the public. Analysis of alternatives may use
information from Phase 1 and 2, but will also include more specific and detailed analysis of biological,
economic, and cumulative effects.
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2.0 CURRENT DESIGNATIONS FOR PACIFIC COAST GROUNDFISH EFH,
HAPC, AND ECOLOGICALLY IMPORTANT HABITAT CLOSED AREAS

This section summarizes existing EFH for Pacific Coast Groundfish contained in Amendment 19 (NMFS
2005; PFMC 2008) and the 2006 Final Rule (71 FR 27408). Amendment 19 provided descriptions of
EFH for each species and life stage that were developed through an extensive review and synthesis of the
literature available in 2005 (PFMC 2008). Appendix B provided a review of life history for each species,
text descriptions, and tables that summarize, for each species, the habitats used by each life history stage
and the important features of those habitats.

2.1 Description and identification of EFH for Pacific Coast Groundfish

The Pacific Coast Groundfish FMP manages 90-plus species over a large and ecologically diverse area.
Information on the life histories and habitats of these species varies in completeness, so while some
species are well-studied, there is relatively little information on certain other species. Information about
the habitats and life histories of the species managed by the FMP will certainly change over time, with
varying degrees of improvement in information for each species. For these reasons, it was impractical for
the Council to include descriptions identifying EFH for each life stage of the managed species in the body
of Amendment 19. Therefore, the FMP included a description of the overall area identified as groundfish
EFH and described the assessment methodology supporting this designation. Life histories and EFH
identifications for each of the individual species are provided in Appendix B to Amendment 19.

The overall extent of groundfish EFH for all FMU species (Figure 1) is identified as all waters and
substrate within the following areas:

e Depths less than or equal to 3,500 m (1,914 fathoms) to mean higher high water level (MHHW)
or the upriver extent of saltwater intrusion, defined as upstream and landward to where ocean-
derived salts measure less than 0.5 ppt during the period of average annual low flow.

Seamounts in depths greater than 3,500 m as mapped in the EFH assessment GIS.

e Areas designated as HAPCs not already identified by the above criteria.

This EFH identification was precautionary because it was based on the then-known maximum depth
distribution of all life stages of FMU species (50 CFR 600.815(a)(1)(B)).. This precautionary approach
was taken because uncertainty existed about the relative value of different habitats to individual
groundfish species/life stages, and thus the actual extent of groundfish EFH. This approach incorporated
all areas for which the habitat suitability probability (HSP) values were greater than 0% for any species or
life stage. The HSP model characterizes habitat in terms of three variables: depth, latitude, and substrate
(both physical and biogenic substrate, where possible). For the purposes of the model, these three
characteristics provide a reasonable representation of the essential features of habitat that influence the
occurrence of fish.

Depending on these characteristics and the observed distributions of fish in relation to them, each location
(a parcel or polygon of habitat in the GIS) is assigned a suitability value between zero and 100 percent.
The higher the HSP, the more likely the habitat is suitable for the habitat needs of a given groundfish
species (see Amendment 19 for a more detailed discussion of the HSP model).
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Figure 1.  Current essential fish habitat description for the Pacific Coast groundfish.
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2.1.1 Habitat Areas of Particular Concern

According to the regulations that implement the EFH provisions of the MSA, FMPs should identify
specific types or areas of habitat within EFH as habitat areas of particular concern based on one or more
of the following considerations (50 CFR 600.815(a)(8)):

e The importance of the ecological function provided by the habitat.

e The extent to which the habitat is sensitive to human-induced environmental degradation.

o Whether, and to what extent, development activities are or will be stressing the habitat type.

e The rarity of the habitat type.

Based on these considerations, the Council designated both areas and habitat types as groundfish HAPCs.
In some cases, HAPCs identified by means of specific habitat type may overlap with the designation of a
specific area. The HAPC designation covers the net area identified by habitat type or area. Designating
HAPCs facilitates the consultation process by identifying ecologically important, sensitive, stressed or
rare habitats that should be given particular attention when considering potential fishing and nonfishing
impacts. Their identification is a valuable tool the Council can use to address these impacts.

HAPCs based on habitat type may vary in location and extent over time. For this reason, the mapped
extent of these areas offers only a first approximation of their location. Defining criteria of habitat-type
HAPCs are described below, which may be applied in specific circumstances to determine whether a
given area is designated as a groundfish HAPC. HAPCs include all waters, substrates, and associated
biological communities falling within the area defined by the criteria below.

Figure 2 shows the location of these HAPCs. For HAPCs defined by habitat type, as opposed to discrete
areas, this map offers a first approximation of their location and extent. The precision of the underlying
data used to create these maps, and the fact that the extent of HAPCs defined by key benthic organisms
(canopy kelp, seagrass) can change along with changes in the distribution of these organisms, means that
at fine scales the map may not accurately represent their location and extent. Defining criteria are
provided in the following descriptions of HAPCs, which can be used in conjunction with the map to
determine if a specific location is within one of these HAPCs. The areas of interest HAPCs are defined by
discrete boundaries. The coordinates defining these boundaries are listed in Appendix B to the groundfish
FMP (PFMC 2011a). Figure 2 shows the location and extent of the HAPC described below. See
Amendment 19 for a more detailed description of these HAPCs.

2.1.1.1 Estuaries

Estuaries are protected nearshore areas such as bays, sounds, inlets, and river mouths, influenced by
ocean and freshwater. Because of tidal cycles and freshwater runoff, salinity varies within estuaries and
results in great diversity, offering freshwater, brackish and marine habitats within close proximity
(Haertel and Osterberg 1967). Estuaries tend to be shallow, protected, nutrient rich, and are biologically
productive, providing important habitat for marine organisms, including groundfish.

Defining Characteristics

The inland extent of the estuary HAPC is defined as MHHW, or the upriver extent of saltwater intrusion,
defined as upstream and landward to where ocean-derived salts measure less than 0.5 ppt during the
period of average annual low flow. The seaward extent is an imaginary line closing the mouth of a river,
bay, or sound; and to the seaward limit of wetland emergents, shrubs, or trees occurring beyond the lines
closing rivers, bays, or sounds. This HAPC also includes those estuary-influenced offshore areas of
continuously diluted seawater. This definition is based on Cowardin, et al. (1979).
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2.1.1.2 Canopy Kelp

Of the habitats associated with the rocky substrate on the continental shelf, kelp forests are of primary
importance to the ecosystem and serve as important groundfish habitat. Kelp forest communities are
found relatively close to shore along the open coast or the shore if ishland and inland seas. These subtidal
communities provide vertically-structured habitat throughout the water column: a canopy of tangled
blades from the surface to a depth of ten feet, a mid-water, stipe region, and the holdfast region at the
seafloor. Kelp stands provide nurseries, feeding grounds, and shelter to a variety of groundfish species
and their prey (Ebeling, et al. 1980; Feder, et al. 1974). Kelp forest communities are highly productive
relative to other habitats, including wetlands, shallow and deep sand bottoms, and rock-bottom artificial
reefs (Bond, et al. 1998). Their net primary production is an important component to the energy flow
within food webs. Foster and Schiel (1985) reported that the net primary productivity of kelp beds may be
the highest of any marine community. The net primary production of seaweeds in a kelp forest is
available to consumers as living tissue on attached plants, as drift in the form of whole plants or detached
pieces, and as dissolved organic matter exuded by attached and drifting plants (Foster and Schiel 1985).

Defining Characteristics
The canopy kelp HAPC includes those waters, substrate, and other biogenic habitat associated with
canopy-forming kelp species (e.g., Macrocystis spp. and Nereocystis spp.).

2.1.1.3 Seagrass

Seagrass species found on the West Coast of the U.S. include eelgrass species (Zostera spp.),
widgeongrass (Ruppia maritima), and surfgrass (Phyllospadix spp.). These grasses are vascular plants,
not seaweeds, forming dense beds of leafy shoots year-round in the lower intertidal and subtidal areas.
Eelgrass is found on soft-bottom substrates in intertidal and shallow subtidal areas of estuaries and
occasionally in other nearshore areas, such as the Channel Islands and Santa Barbara littoral. Surfgrass is
found on hard-bottom substrates along higher energy coasts. Studies have shown seagrass beds to be
among the areas of highest primary productivity in the world (Herke and Rogers 1993; Hoss and Thayer
1993).

Defining Characteristics
The seagrass HAPC includes those waters, substrate, and other biogenic features associated with eelgrass
species (Zostera spp.), widgeongrass (Ruppia maritima), or surfgrass (Phyllospadix spp.). *

2.1.1.4 Rocky Reefs

Rocky habitats are generally categorized as either nearshore or offshore in reference to the proximity of
the habitat to the coastline. Rocky habitat may be composed of bedrock, boulders, or smaller rocks, such
as cobble and gravel. Hard substrates are one of the least abundant benthic habitats, yet they are among
the most important habitats for groundfish.

Defining Characteristics

The rocky reefs HAPC includes those waters, substrates and other biogenic features associated with hard
substrate (bedrock, boulders, cobble, gravel, etc.) to MHHW. A first approximation of its extent is
provided by the substrate data in the groundfish EFH assessment GIS. However, at finer scales, through

! The extent and effect of non-native species in seagrass HAPC, such as Zostera japonica, may be considered in
conservation recommendations NMFS makes to other Federal and state agencies.
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direct observation, it may be possible to further distinguish between hard and soft substrate in order to
define the extent of this HAPC.

2.1.1.5 Areas of Interest

Avreas of interest are discrete areas that are of special interest due to their unique geological and ecological
characteristics. The following areas of interest are designated HAPCs (see Amendment 19 for a more
detailed description of these areas of interest):

o Off of Washington: All waters and sea bottom in state waters shoreward from the three nautical
mile boundary of the territorial sea shoreward to MHHW.

Off of Oregon: Daisy Bank/Nelson Island, Thompson Seamount, President Jackson Seamount.

o Off of California: all seamounts, including Gumdrop Seamount, Pioneer Seamount, Guide
Seamount, Taney Seamount, Davidson Seamount, and San Juan Seamount; Mendocino Ridge;
Cordell Bank; Monterey Canyon; specific areas in the Federal waters of the Channel Island
National Marine Sanctuary; specific areas of the Cowcod Conservation Area.

Defining Characteristics

As noted above, the shoreward boundary of the Washington State waters HAPC is defined by MHHW
while the seaward boundary is the extent of the three-mile territorial sea. The remaining area-based
HAPCs are defined by their mapped boundaries in the EFH assessment Environmental Impact Statement
(EIS) (NMFS 2005). The coordinates defining these boundaries may be found in Appendix B to the FMP.

2.1.2 Ecologically Important Habitat Areas

Amendment 19 identified discrete areas that are closed to fishing with specified gear types, or are only
open to fishing with specified gear types; however, these areas were not designated as HAPCs. These
ecologically important habitat closed areas are intended tominimize the adverse effects of fishing on
groundfish EFH. They may be categorized as bottom trawl closed areas (BTCASs) and bottom contact
closed areas (BCCAs) (Figure 3). For the purpose of regulation each type of closed area should be treated
differently. For the purposes of BTCAs, the definition of bottom trawl gear in Federal regulations applies
(PFMC 2011a). For the purposes of BCCAs, the definition of bottom contact gear in the FMP (PFMC
2011a) and in Federal regulations applies.

The extent and configuration of these areas do not vary seasonally and they are not usually modified
through in season or biennial management actions. The location and extent of these areas are described by
a series of latitude-longitude coordinates enclosing a polygon published in permanent Federal regulations
(May 11, 2006, 71 FR 27408). There are 51 such closures, described in Chapter 4 Minimizing Effects.
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3.0 REVIEW OF NEW INFORMATION ON GROUNDFISH ESSENTIAL FISH
HABITAT

The primary purpose of an EFH review is to examine new or newly-available information, especially as it
relates to the information that was used as the basis for the original EFH designation. A means to
organize and report on this information is provided in the EFH regulatory guidance, which suggests
describing EFH for each species based on the highest of four levels of data (50 CFR 600.815(a)(1)(B)).
These levels are:

Level 1:Distribution data are available for some or all portions of the geographic range of the species. At
this level, only distribution data are available to describe the geographic range of a species (or life
stage).

Level 2:Habitat-related densities of the species are available. At this level, quantitative data (i.e., density
or relative abundance) are available for the habitats occupied by a species or life stage.

Level 3:Growth, reproduction, or survival rates within habitats are available. At this level, data are
available on habitat-related growth, reproduction, and/or survival by life stage.

Level 4:Production rates by habitat are available. At this level, data are available that directly relate the
production rates of a species or life stage to habitat type, quantity, quality, and location.

The available data on the habitat of Pacific Coast groundfishes includes data from all four levels. The 91
species in the Pacific Coast groundfish FMP are distributed over a wide geographic range, with
populations adapted to local habitat conditions that can vary widely across this range. Current
distribution data (Level 1) is generally available across the entire geographic range. However, data on
historical distribution are lacking in certain parts of the range for some species, and particularly in areas
where populations have been extirpated. Information related to the other EFH levels, on the other hand, is
usually limited to smaller geographic areas. Habitat-specific information from one location does not
necessarily apply across the entire range. Therefore, it is appropriate to determine the geographic
distribution of EFH for Pacific Coast groundfish using Level 1 information, and incorporate information
from the other levels, when possible, in the species- and life-stage-specific descriptions of EFH.

Section 3 presents new information on habitats that has become available since the EFH designation in
2006 for the 91 species of Pacific coast groundfishes. There are five sub-sections, each accompanied by
comprehensive Appendices. Section 3.1 summarizes an inventory of responses to the NMFS data call.
Section 3.2 describes (in both text and maps) new information on the distribution of seafloor habitat
types, including data on bathymetry, physical habitat interpretations, and biogenic components of habitat.
Section 3.3 includes summaries, and associated citations, of recent information related to habitats for each
life-history stage of the five species groups designated in the FMP for Pacific Coast groundfishes (i.e.,
flatfishes, other flatfishes, rockfishes, other rockfishes, and other groundfishes). Section 3.4 is a review of
new modeling efforts relevant to the determination and designation of EHF for Pacific groundfishes, and
Section 3.5 is an update on the Habitat Use Database (HUD).

3.1 Inventory of Responses to NMFS Data Call

To initiate Phase | of the Council’s 5-year review of Pacific Coast groundfish EFH, NMFS Science
Centers and Regions issued a data call to interested parties, soliciting habitat information that has become
available since the EFH designation in 2006 for the FMU species. Information was requested on data
type, source, time frame, spatial and temporal scale, metric, format, point of contact, and key references.
This data call was posted on NMFS websites (NWFSC, SWFSC, NWR, and SWR) and in the Fishnews
Digest, as well as distributed to researchers, managers, and conservation entities through email lists
associated with the Western Groundfish Conference (over 60 people) and the West Coast Governors
Agreement (over 850 people); the call was open from March through November 2011.
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Thirty-nine sources of data relevant to groundfish EFH that had become available since 2006 were
received through the NMFS data call (see Appendix B for details on each item). All of these data can be
used to revise the descriptions of EFH and HAPC or to evaluate risk to EFH. Information associated with
the NMFS data call comprised four general categories:

4. Four sources of new information on the distribution and extent of seafloor maps, seafloor data,
and interpreted Pacific Coast groundfish habitat types were received.

5. Eight sources of new and updated fishery-independent data were received on groundfish species
and associated components of habitat.

6. Twenty sources of new and updated information or data were received on the distribution of
habitats, including two coast-wide oceanographic datasets, 12 surveys of deepwater, structure-
forming invertebrates, two models of deep coral distributions, an assessment of 146 West Coast
estuaries, an online data library and maps of California, and two visual surveys of fish and
habitats-

7. Seven sources of new and updated information were received on existing and emerging threats to
Pacific Coast groundfish EFH. These included five fishery-dependent datasets and two sources
of information on non-fishery threats.

3.2 Bathymetry and Seafloor Habitat Maps

Pacific coast-wide comparative maps of bathymetry (i.e., seafloor imagery) and seafloor habitat types in
2005 and 2011 were compiled for the EEZ off Washington, Oregon and California from all available
sources. Seafloor imagery consisted of gridded bathymetry data sets (Digital Elevation Models or
DEMs), and backscatter imagery. Contour data, either interpolated or derived from DEMSs, were not
included. For reference purposes, any available sidescan sonar data were grouped with backscatter
imagery. Seafloor habitat data consisted of automated habitat (i.e., substrate) classification data or
geologic habitat interpretations, either represented in raster (i.e., grids) or vector (i.e., polygon shapefiles)
format. Although the initial EFH map products were published in 2005, input data for those products was
incorporated through mid-2002. Therefore, the current data search encompassed the years 2002-2011 and
reference to 2005 maps implies that these maps contain data produced during or prior to 2002.

In addition to bathymetry, both sidescan sonar imagery and multibeam sonar backscatter imagery data
types are included in the section 3.2 comparison maps. Sidescan sonar and multibeam backscatter are
tools that measure the intensity of acoustic energy returned from an ensonified seafloor and are useful for
understanding the distribution and abundance of seafloor habitats. Mapped variations in returned energy
(backscatter images) may correlate to or result from variations in local seabed geology and are often used
together with bathymetry imagery to determine seabed habitat type.

The map products displayed in this report were intended to provide a coast-wide overview of available
data, and the methods chosen for display were designed to illustrate the range of values on that scale.
There are other methods for displaying the same data that may provide alternative interpretations of
temporal or spatial differences depending on such factors as geographic scale, value bins, or display
algorithms. A data portal is available to allow access to maps and data from this report so that interested
parties can manipulate data for specific purposes: http://efh-catalog.coas.oregonstate.edu/overview/.

3.2.1 Bathymetry and Substrate Maps

A set of 24 comparison map panels layouts (hereafter termed “plates”) were constructed at a scale of
1:500,000 and encompassed the EEZ of the southern U.S. Pacific Coast. Each plate presents a geographic
comparison of project components (Imagery; Appendix C-1, and Habitat; Appendix C-2) over three time
intervals: Pre 2005, 2005-2011, and Aggregate 2011 (combined overlay of Pre 2005 and 2005-2011 data).
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Note that plates are meant to be printed at full size (44” wide by 60” tall). Shrinking a plate to fit on an
8.5” by 11” letter size page will change the map scale to approximately 1:2,588,235. It will also result in
a loss of resolution due to resampling and printing limitations. See Appendices C-1 and C-2 for a
compendium of the plates.

Two additional plates were constructed to depict regional and spatially contiguous (but lower resolution)
bathymetry data that are currently available for the northwest region off Oregon and Washington, and for
offshore California (Figures 4 and 5; Appendix C-3). These data were not included as part of the plates
(above) because they do not include all sources of new bathymetry identified through this review.
Instead, they represent the best available spatially continuous product. The maps are presented at
1:1,000,000 (Oregon and Washington) and 1:1,300,000 (California) to show the contrast between the
official 2005 bathymetry contour map and a true regional grid file available now.

A GIS project was constructed in ArcGIS™ geographical information system software (Environmental
System Research Institute, Incorporated, Redlands, California) in order to archive and display the
collected data files, and to create the map layouts from which the comparative maps were derived. This
project is currently in available online at: http://efh-catalog.coas.oregonstate.edu/overview/.

Seafloor imagery and habitat types were color-coded so that the composition of the available data
associated with each survey region could be easily distinguished. Survey regions were divided into three
categories, those that contained only bathymetry data (blue), those that contained bathymetry and
backscatter data (green), and those that contained only backscatter data (grey) (e.g., Figure 6). Habitat
types were distinguished as probable soft sediment (yellow), probable rock (red), or a mixture of soft
sediment and rock (brown) (e.g., Figure 7). Given that this effort compiled habitat maps from a variety of
sources, it is essential to understand that mapping methods varied widely among sources and that it was
our task to display the sources under some common scheme.

A special habitat type case exists for Oregon and Washington. During the 2002 mapping effort, seafloor
below 150m water depth and of 10 degrees slope or greater were mapped as rock outcrop (red). This
mapping was made based upon expert observation that steep slopes in this region do not hold
unconsolidated sediments well and are often rocky. To call attention to the facts that: 1) similar mapping
was not done for California, 2) the mapping technique only infers rock outcrop through a simple >10
degrees of slope angle rule, and 3) the rule when applied classifies a large quantity of seafloor as rocky,
this habitat type was mapped as “Inferred Rock” using a light red color. The extent of inferred rock in the
current pre-2005 map plates is identical to that depicted in the 2002 West Coast Oregon and Washington
substrate map; however, it is colored differently in the current pre-2005 map plates so that it may be
distinguished from rock that was determined based on geologic interpretations or more rigorous
automated classification techniques (Figure 7).
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Regional Bathymetric Coverage Available to the PFMC 2005 + Regional Bathymetric Coverage Available to the PFMC 2011
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Figure 4. Washington and Oregon regional bathemetry pre-2005 and post 2005; from Appendix C-3.
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Figure 5.  California regional bathemetry pre-2005 and post 2005; from Appendix C-3.
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Figure 6. Example of imagry plate From Appendix C-1.
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Seabed Habitat Map Distribution Pre 2005: Southern Oregon Outer Coast Map Plate 4 of 12
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Figure 7. Example of bathymetry/substrate habitat plate from Appendix C-2.
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3.2.1.1 Specific Notes by Region or Data Type

Oregon and Washington Surficial Geologic Habitat Maps

This product is an outgrowth and continuation of the original habitat maps created by the Active
Tectonics & Seafloor Mapping Lab and The Center for Habitat Studies during the Amendment 19 (2006
EFH review) process. They are interpretive and regional, drawing input from any and all sources
available. The coding scheme has changed little since 2005 and is considered a modification of Greene
(1999).

Olympic Coast National Marine Sanctuary

Habitat Polygons were derived using a variety of automated image classification methods relying on
seafloor samples and in-situ images for reference. Resultant image classifications were coded using
Greene (1999).

Oregon State Waters
Habitat polygons were mapped using a hybrid of Supervised Image Classification techniques and
geologic interpretation guided by sediment samples and seafloor imagery. Habitat codes explicitly
discriminate rock outcrop from sedimentary habitats but do not follow Greene (1999) or any other
standard coding scheme.

California State Waters

It should be noted that automated habitat classifications were based on comparative local depth values
and therefore actually distinguish “smooth” and “rough” seafloor regions. These regions are predicted to
consist of soft and hard substrate types, respectively. Interpreted habitat classifications were determined
by geologists with appropriate expertise and based on a combination of the available seafloor imagery and
any seafloor video or sediment samples.

3.2.1.2 Specific Notes By Comparison Plate

Plate 1: Northern Washington and Puget Sound

Plate 1 includes 118 new high-resolution seafloor imagery surveys published during or after 2002. Of
these, 30 include bathymetry and backscatter data, 33 include only backscatter or sidescan data, and 55
include only bathymetry data (Figure 6; Appendix C-1, Plate 1). The primary source of seafloor imagery
in this region is the NOAA National Ocean Service and the NOAA Olympic Coast National Marine
Sanctuary (OCNMS) (Appendix C Table C-1). Plate one includes 39 new habitat maps (Appendix C-2
Plate 1).

The OCNMS has been actively mapping the northern portion of the sanctuary since 2000. Habitat map
products became publically available in 2005, and are published periodically as new maps are completed.
In total, 25 new habitat maps are now available in the northern OCNMS (Appendix C Table C-1)
significantly modifying our regional understanding of the distribution and abundance of rocky habitats in
the northern OCNMS. Taken as a complete set or individually, the OCNMS habitat maps show that the
extent of rocky habitat in this area was greatly underrepresented by the Version 1 Surficial Geologic
Habitat (SGH) map for Washington (Appendix C-2 Plate 1).

The Center for Habitat Studies, Tombolo Institute, and Geosciences Canada jointly produced an extensive
habitat map of the Washington San Juan and Canadian Gulf Islands. This habitat map provides seafloor
knowledge over an area previously unmapped by the Version 1 SGH Map for Washington (Figure 6;
Appendix C-1 Plate 1, Appendix C-2, Plate 1). The USGS is currently engaged in a habitat mapping
effort within the “inner” Puget Sound, though no habitat maps for this region have been officially
published (Guy Cochrane, USGS, pers. comm., February 7th, 2012).
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Regionally, significant updates have been made to the nearshore seafloor habitats of the Washington
Outer Coast and within the Strait of Juan de Fuca in the Version 3.2 SGH map for Washington and
Oregon. These regional habitat map edits modify the current state of knowledge of rocky outcrop
distribution and abundance in nearshore state waters. New outcrops are identified and mapped along the
outer coast from Cape Flattery south to Grays Harbor, Washington and with the Strait of Juan De Fuca
from Cape Flattery, WA east to Dungeness Spit, Washington. The outcrops were identified using historic
NOAA NOS hydrographic survey sheets and from air photo interpretations.

Plate 2: Washington Outer Coast

Plate 2 includes 22 new high-resolution seafloor imagery surveys. Of these, 18 include bathymetry and
backscatter data, two include backscatter or sidescan data, and two include only bathymetry data
(Appendix C Table C-1). The primary source of seafloor imagery in this region has been the National
Science Foundation, including work completed under the Ocean Observing Initiative. Plate 2 includes six
new habitat maps.

As in Plate 1 above, Plate 2 includes new nearshore mapping. Therefore, the abundance of nearshore
rocky outcrops along the outer coast of Washington from Cape Flattery south to Grays Harbor has
increased (Appendix C-2 Plate 2). Several large patches of mixed seafloor substrate have been mapped
with multibeam sonar in the vicinity of Grays Harbor just outside of the nearshore zone and also in mid
and outer shelf regions. Bathymetry surveys conducted during 2009, 2010, and 2011 show a large rocky
reef along the southern border of the OCNMS and offshore of Grays Harbor in 60-100m of water. The
Grays Harbor vicinity bathymetry surveys have not been mapped for seafloor habitat type.

For deepwater slope environments, the SGH map for Oregon and Washington has changed little since
2005. In May of 2011 the NSF sponsored a bathymetry mapping expedition for Washington, Oregon, and
Northern California. A significantly improved map of Washington slope bathymetry resulted but has not
been mapped for seafloor habitat.

Plate 3: Northern Oregon Outer Coast

Plate 3 includes 29 new sources of high-resolution seafloor imagery; 27 bathymetry and backscatter data
surveys and two bathymetry data (only) surveys (Appendix C Table C-1). The primary source of new
information in Plate 3 is the Oregon State Waters Mapping Program. Plate 3 includes 20 new habitat
maps.

Locally, new multibeam mapping from the Oregon State Waters Mapping Project shows much greater
abundance of rocky outcrop within the State Waters (0-3nm) of Oregon than was known in the Version 1
SGH map for Oregon. A new habitat map has been produced by NOAA NWFSC for Heceta Bank,
Oregon providing greater information about the distribution of both rocky and mixed habitats than was
previously available.

Regionally, a large rocky outcrop on mid continental shelf southeast (inshore) of Nehalem Bank is newly
mapped. This feature was mapped as rock outcrop in the Version 1 SGH map for Oregon but at a more
limited spatial extent. Submersible observations verified high relief outcrop as well as complex mixed
seafloor habitats at the feature. Authegenic carbonate rocky ridgetop habitats are identified along upper
continental slope ridges in northern Oregon. Similar habitat types were mapped in the Version 1 SGH
map for Oregon in the vicinity of Hydrate Ridge and are now extended to include geologically similar
ridge crests from Hydrate Ridge north to the Astoria Canyon. There has been no additional development
of the “Predicted Rock Outcrop” data layer since the Version 1 SGH map for Oregon. The predicted rock
outcrop map identifies local seafloor slopes (within a 300m by 300m analysis neighborhood) greater than
10 degrees. Any areas of 10 degrees or greater are classified as Inferred Rock.
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Plate 4: Southern Oregon Outer Coast

Plate 4 includes 16 new sources of high-resolution seafloor imagery; 14 bathymetry and backscatter data
surveys and two bathymetry data only surveys (Appendix C Table C-1). The primary source of new
information in Plate 4 is the Oregon State Waters Mapping Program. Plate 4 includes 11 new habitat
maps.

Re-mapping of the Bandon High Spot for habitat type was performed to address misclassifications
identified in previous SGH map for Oregon versions. Although no new multibeam bathymetry was
available for the re-mapping, existing seismic reflection profiles of the area were re-examined and re-
interpreted yielding a more conservative rocky outcrop mapping and including a significant amount of
mixed habitat type along the perimeter of the feature. The Version 3.6 SGH map for Oregon also
includes updated rock outcrop mapping in Oregon neashore waters from NOAA NOS hydrographic
survey sheets and from air photo interpretations.

New (2010) multibeam mapping of the adjacent Oregon State Waters at Cape Aragon and Bandon Reef
reveals a large rocky reef, possibly an inshore extension of the Bandon High Spot. Habitat maps for
Redfish Rocks and Island Rock provides updated rock outcrop mapping within the southern Oregon State
Waters and nearshore zone while Oregon State Waters Mapping Program habitat maps are newly
available for areas adjacent to Redfish Rocks and Island Rock.

Plate 5: Northern California and Mendocino Ridge

Plate 5 includes 20 new sources of high-resolution seafloor imagery coverages, encompassing 19 regions
where bathymetry and backscatter data were collected and one region where only bathymetry data were
collected (Appendix C Table C-1). In addition, habitat maps were constructed for 14 regions, including
13 that also had new bathymetry and backscatter coverages (Appendix C Table C-1). The northernmost
coverage included in this plate (Pelican Bay) also extends to Plate 4 and is therefore not directly
incorporated into this summary. The great majority of the regions in Plate 5 were surveyed and mapped
by the Seafloor Mapping Lab at California State University, Monterey Bay (CSUMB-SML). NOAA-
NOS additionally produced high-resolution imagery for three surveyed regions, and the Center for Habitat
Studies (CHS) generated a habitat map for one region (Appendix C Table C-1).

New, high-resolution acoustic imagery in Plate 5 is restricted to nearshore and insular waters, with the
great majority of new data collected and produced as part of the California Seafloor Mapping Project
(CSMP). Sponsored by the California Ocean Protection Council, State Coastal Conservancy, Department
of Fish and Game, and several branches of the NOAA, the CSMP is being conducted as a public/private
partnership involving industry, resource management agencies and academia. In association with this
project, the entire nearshore region of Northern California depicted in Plate 5 has been surveyed, and
coupled bathymetry and backscatter coverages have been produced. In addition, a bathymetry coverage
for Humboldt Bay was produced by CSUMB-SML in 2005, along with two higher-resolution, smaller
bathymetry and backscatter coverages that detail portions of the northern and southern Bay. NOAA-NOS
produced three small bathymetry and backscatter coverages in highly trafficked coastal regions off
Northern California during 2008 and 2009 (Appendix C Table C-1).

The great majority of the seafloor habitat maps in Plate 5 were generated from the acoustic imagery
collected as part of the CSMP project, and is therefore also restricted to nearshore waters. These maps
were produced via automated habitat classification, conducted by personnel at CSUMB-SML. No CSMP
habitat map products have been published for this or any region to date; geological map interpretations
were used instead. CSUMB-SFL maps predict the occurrence of rocky regions mainly offshore of coastal
points and promontories (e.g., Point St. George, Trinidad Head, Cape Mendocino, Punta Gorda, Point
Delgado). A notably extensive region of unconsolidated sediments is predicted to occur from Trinidad
Head to just north of Cape Mendocino. The new, higher-resolution (1:24,000 vs. 1:250:000) habitat maps
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in the nearshore region substantially refine the extent of hard and soft habitats along the Northern
California coast. They greatly reduce and more precisely depict the extent of rocky habitats off Trinidad
Head, whereas they substantially increase the amount of predicted habitat in other coastal regions. In
addition to the automated habitat maps produced by CSUMB-SML, a single, interpreted coverage was
produced offshore in the Eel River Basin region by H. Gary Greene and colleagues at Moss Landing
Marine Laboratories’ CHS. The mapped portion of Eel River Basin consists mainly of mixed habitat
types, although a large amount of contiguous rock bottom is depicted in the central region.

Plate 6: Northern California Mendocino Coast

Plate 6 includes 101 new coverages, of which 35 represent bathymetry data, 34 represent backscatter data,
and 32 are habitat maps. In total, these data are derived from 38 surveyed regions (Appendix C Table C-
1). The primary source of seafloor imagery and habitat maps in this region CSUMB-SML. In addition,
three regions were mapped for benthic habitats by CHS, and regional imagery products were additionally
generated by NOAA-NOS (N=2) and USGS (N=1). The northernmost coverage included in this plate
(Punta Delgada) also extends to Plate 5 and is therefore not directly incorporated into this summary.

New, high-resolution acoustic imagery in Plate 6 is largely restricted to nearshore and insular waters, with
the great majority of new data collected and produced as part of CSMP efforts. The entire nearshore
region depicted in Plate 6 has been surveyed, and coupled bathymetry and backscatter coverages were
produced. In addition, bathymetry and backscatter coverages were created for Tomales Bay by USGS in
2008. A coverage that extends along the offshore region adjacent to Tomales Bay was generated by
NOAA-NOS in 2007. NOAA-NOS also published a bathymetry layer that ranges along the coast from
south of Point Reyes to north of San Francisco Bay. This region is obscured in Plate 6 because other
bathymetry and backscatter data coverages overlap it. As part of NOAA’s Ocean Exploration and
Research Program, Active Tectonics and Seafloor Mapping Lab (ATSML) produced bathymetry and
backscatter data coverages in 2010 that depict an offshore extension of San Andreas Fault between Point
Arena and Cape Mendocino.

The great majority of the seafloor habitat maps in Plate 6 were generated by CSUMB-SFL from the
acoustic imagery collected as part of the CSMP project. They are, therefore, largely restricted to
nearshore waters. As previously described for Plate 5, new, higher-resolution maps greatly refine the
amount and location of rocky habitats that are predicted to occur throughout the extent of their coverage.
This refinement is particularly evident in the region between Point Reyes and Bodega Bay, where CHS
has produced an expansive new coverage (Pt. Reyes) in addition to an older map (Bodega Basin (inshore).
The original (2005) EFH substrate map depicted a large, contiguous rock bottom in this region, whereas
the newer data displays a more punctuated, though extensive, distribution of rocky habitats. Locations of
rocky habitats occur throughout the coastal region depicted in this plate, as opposed to their greater
concentration in the northern region of Plate 5. In addition to nearshore regions, a sizeable portion of
Bodega Basin (offshore) was also mapped by CHS. This map and its inshore complement were originally
produced in 2001 but are included because they were not incorporated into the 2005 substrate map. The
offshore region of Bodega Basin shows widespread, detailed areas of hard and mixed bottom where only
coarse depictions of hard rock or soft bottom were previously evident.

Plate 7: San Francisco and Monterey Bay

Plate 7 includes 70 regions where high-resolution seafloor imagery was collected. Of these, 40 contain
bathymetry and backscatter coverages, 27 consist solely of bathymetry layers, and one region includes
only backscatter data (Appendix C Table C-1). In addition, habitat maps were constructed for 37 regions,
including 33 that also had new bathymetry and backscatter coverages (Appendix C Table C-1). The
majority of the regions in Plate 7 were surveyed and mapped by CSUMB-SML. However, NOAA-NOS
and USGS produced acoustic imagery products for eight and seven regions, respectively (Appendix C
Table C-1). Habitat maps were additionally produced for two regions each by CHS and USGS (Appendix
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C Table C-1). Fifteen surveyed regions in the northern portion of Plate 7 were previously included in the
description for Plate 6 and are not incorporated in this summary.

Much of the new, high-resolution acoustic imagery in Plate 7 was collected and produced as part of
CSMP efforts. However, a great deal of additional data is available in this region and is especially
concentrated in Monterey Bay, San Fransicso Bay and offshore regions located inside the 700 fathom
boundary between Pacifica and Bodega Bay. The entire nearshore region displayed in Plate 7 has been
surveyed, and coupled bathymetry and backscatter coverages were produced. There is one region just
north of San Francisco Bay, however, where backscatter data only encompass a small portion of the
available bathymetry coverage. Many bathymetry surveys were conducted in Monterey Bay since the last
EFH review and a great deal of (often overlapping) coverages are therefore available (Appendix C Table
C-1). One of the more interesting of these is a time series (2002-2008) of Monterey Canyon produced
seasonally by CSUMB-SML. New USGS bathymetry and backscatter data covers a large portion of this
region. Additional USGS bathymetry grids have recently been produced for Rittenburg Bank (2011) and
Farallon Escarpment (2012), and corresponding backscatter data are currently being processed. NOAA-
NOS data in Plate 7 largely consist of bathymetry coverages that are concentrated in the Gulf of the
Farallons region and offshore of San Francisco Bay. Cordell Bank has been extensively surveyed
(bathymetry and backscatter) by CSUMB-SML, and a backscatter coverage has been produced by USGS
for a large region to the southeast of Rittenburg Bank.

New habitat maps have been produced throughout the nearshore regions encompassed by Plate 7, as well
as in offshore regions between San Francisco and Bodega Bay. In nearshore regions, areas of rock are
evident in association with the Monterey Peninsula and to the south, but much of Monterey Bay consists
of soft bottom habitats. Between Monterey Bay and Pacifica, however, rocky habitats are prevalent in
coastal regions. The region between Pacifica and Point Reyes is largely depicted as soft bottom, with the
notable exception of a substantial hard bottom region off Stinson Beach. An extensive, detailed coverage
was produced by CHS for the Golden Gate National Recreation Area and shows a great deal of hard and
mixed seafloor. The new, higher-resolution maps greatly refine the amount and location of rocky habitats
that are predicted to occur throughout the extent of their coverage in Plate 7. They generally reduce the
amount of rock that was originally depicted, especially from Half Moon Bay to Pescadero, off Stinson
Beach, and between Point Reyes and Tomales Bay. This trend is also evident in the northern offshore,
region, where more precise habitat mapping has occurred on Rittenburg (USGS) and Cordell (CSUMB-
SFL) Banks. A region southeast of Rittenburg Bank, however, was mapped by the USGS in 2005 and
continues to show a large, contiguous area of rock bottom.

Plate 8: Central California Offshore
No new bathymetry, backscatter, or habitat coverages have been produced in the region encompassed by
Plate 8 since the 2006 EFH review.

Plate 9: Central California

Plate 9 includes 189 new coverages, of which 64 represent bathymetry data, 60 represent backscatter data,
and 65 are habitat maps. In total, these data are derived from 73 surveyed regions (Appendix C Table C-
1). The primary source of seafloor imagery and habitat maps in this region CSUMB-SFL. However,
USGS produced acoustic imagery products for seven regions and NOAA-NOS generated bathymetry and
backscatter coverages in various regions Santa Barbara Channel (Appendix C Table C-1). Habitat maps
were additionally produced for eight regions by CHS and two regions by USGS (Appendix C Table C-1).
This summary does not incorporate four surveyed regions in the northern portion of Plate 9 that were
previously included in the description for Plate 7.

New, high-resolution acoustic imagery in Plate 9 is restricted to nearshore waters, with the majority of
new data collected and produced as part of CSMP efforts. The nearshore waters displayed in Plate 9 have
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been surveyed, and coupled bathymetry and backscatter coverages were produced for most regions.
However, a notable exception is the region from Lopez Point to just north of San Simeon. CSUMB-SFL
has collected bathymetry and backscatter data in this region but it has not yet been processed into grids
and geotiffs for display. In addition, backscatter coverage is somewhat uneven in the coastal region south
of Point Arguello. Many of the recently completed high-resolution surveys in the vicinity of the Santa
Barbara Channel are-located in the southernmost portion of Plate 9. These include a small, coastal
coverage off Ventura produced by NOAA-NOS, and several larger USGS coverages located throughout
nearshore regions in northern Santa Barbara Channel. The northern extension of a large USGS data set in
the northeastern Channel Islands regions also is depicted further offshore.

Most of the seafloor habitat maps in Plate 9 were generated by CSUMB-SFL from the acoustic imagery
collected as part of the CSMP project. However, several interpreted habitat maps were produced (though
not yet published) by CHS from a portion of the same data set, and these are overlaid where they occur in
the Point Buchon and Santa Barbara Channel regions. Additional geologically interpreted coverages were
created by USGS in the Northeastern Santa Barbara Channel and Southern VVandenberg Reserve. Habitat
maps are absent in the north-central coastal portion of Plate 9 where seafloor imagery is not yet available,
and in a small portion of the western Santa Barbara Channel. Rocky areas are abundant from Pismo
Beach to San Simeon, and off Big Sur (to the north) and Point Sal (to the south). Diffuse rocky areas are
also depicted off Point Conception, with mixed and rocky habitats located throughout the surveyed area in
Santa Barbara Channels, mainly in deeper waters outside of coastal regions. The new, higher-resolution
mapping efforts expand the known rocky areas throughout the coast, and more precisely depict their
occurrences. For example, rocky areas are absent from the 2005 EFH map between Point Sal and Cape
San Martin but present in the newer data. The extent of coastal rocky areas in the Santa Barbara Channel,
however, has been reduced by newer mapping efforts, especially along the eastern and western margins
depicted in Plate 9.

Plate 10: Southern California Offshore I
No new bathymetry, backscatter, or habitat coverages have been produced in the region encompassed by
Plate 10 since the 2006 EFH review.

Plate 11: Southern California Borderland

Plate 11 includes 63 regions where high-resolution seafloor imagery was collected. Of these, 30 contain
bathymetry and backscatter coverages, 26 consist solely of bathymetry layers, and 7 include only
backscatter data (Appendix C Table C-1). In addition, habitat maps were constructed for 43 regions,
including 21 that also had new bathymetry and backscatter coverages (Appendix C Table C-1). The
majority of the regions in Plate 11 were surveyed and mapped by CSUMB-SFL. However, the following
organizations also produced bathymetry and/or backscatter coverages in this region: USGS (N=12),
Oregon State University’s Active Tectonics and Seafloor Mapping Lab (ATSML) (N=6), and NOAA-
NOS (N=4) (Appendix C Table C-1). Habitat maps were additionally produced for seven regions by
USGS and six regions by ATSML (Appendix C Table C-1). This summary does not incorporate four
surveyed regions in the northern portion of Plate 11 that were previously included in the description for
Plate 9.

New, high-resolution acoustic imagery is abundant and widespread throughout the Southern California
Bight region depicted in Plate 11. In this region, and evident throughout California waters, most of the
new high-resolution acoustic data has been collected and imaged by CSUMB-SML. Coastal coverage in
Southern California is, however, more sparse in terms of available new backscatter data than in other
California regions. This situation is especially evident south of Newport Beach, where the only coastal
backscatter available is located between Torrey Pines and La Jolla. In addition, the region between Dana
Point and Torrey Pines is also largely devoid of new bathymetry imagery. However, expansive coastal
bathymetry and backscatter coverages that extend far offshore have been produced by USGS in the
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southern border region and throughout the north-central Bight, and in the northeast Channel Islands
region. In contrast to other California regions, offshore areas (especially those associated with islands
and important fishing banks) have been well surveyed in Southern California. Much of the Channel
Islands region contains bathymetry and backscatter coverages, produced by CSUMB, or backscatter data,
produced by USGS. Extensive bathymetry and couple bathymetry and backscatter data, both collected by
CSUMB-SML, surround Santa Barbara and Santa Catalina Islands, respectively. Bathymetry coverage,
also produced by CSUMB-SML, is also evident along the west coast of San Clemente Island.
Bathymetry data also have been collected and imaged by ATSML in several important offshore fishing
regions, as contracted by NMFS SWFSC (Appendix C Table C-1). Additional offshore imagery was
recently produced by CSUMB-SML for Cortes Banks (bathymetry and backscatter) and Tanner Bank
(bathymetry). NOAA-NOS has produced four small, coupled bathymetry and backscatter coverages in
highly trafficked coastal regions such as San Pedro Bay and Los Angeles Harbor.

New habitat map coverage in offshore areas of Southern California is more substantial and detailed than
that of coastal regions, a condition that is unique to this region. The increased emphasis on mapping
offshore regions in the Southern California Bight is a direct consequence of the importance of this area as
EFH for commercially important rockfishes. Nearshore habitat coverages extend throughout the
mainland coast with a notable absence in Santa Monica Bay and Long Beach Harbor. They depict
primarily soft bottom, with rocky areas largely associated with promontories in the greater San Diego and
border regions. These rocky areas are substantial, however, and were not previously depicted in the 2005
EFH substrate map. Santa Catalina Island is largely fringed by soft sediment, though some isolated rock
is evident off the southern and western coasts. Extensive habitat coverage in the Channel Islands depicts a
great deal of rocky habitat, especially off northern Santa Rosa Island (CSUMB-SML) and in association
with Anacapa Island and the Anacapa Passage (USGS). In addition, mixed sediment is the dominant
habitat type in Anacapa Passage and off eastern Anacapa Island (USGS). The USGS maps, especially, are
quite detailed and consist of habitat interpretations based on acoustic imagery and geologic data. The
offshore banks, surveyed by ATSML and, to a lesser extent, CSUMB-SML contain high concentrations
of rocky and mixed habitats. This is to be expected, since these banks are known to provide important
habitat for rockfishes. Among them, the more offshore banks (e.g., Tanner, Cherry, Potato) contain a
much higher proportion of rocky and mixed habitats than their inshore counterparts. The contrast
between the new, higher-resolution offshore habitat coverages and the same areas displayed on the 2005
EFH map is stark and highlights the greater utility of the newer data. For example, the 2005 EFH map
shows contiguous rocky habitat around the totality of Santa Catalina Island, whereas soft sediment is
dominant on the new coverages. Similarly, rocky regions have been defined in much greater detail and
considerably reduced in association with Anacapa Island and Tanner Bank. By contrast, substantially
rocky habitats on Cherry Bank are displayed as soft sediment in the 2005 EFH substrate map.

Plate 12: Southern California and International Border
No new bathymetry, backscatter, or habitat coverages have been produced in the region encompassed by
Plate 12 since the 2006 EFH review.

3.2.2 Biogenic Habitat Maps

Biogenic habitat maps were developed from three sources of data:

o Selected Observations of Corals and Sponges, which are presented from various sources on regional
plates (Appendix D).

o NMFS West Coast Groundfish Bottom Trawl Survey (WCGBTS), from which separate observations
of corals (Appendix E1), sponges (Appendix E2), sea pens/whips (Appendix E3), and combined
corals and sponges (Appendix E4) are presented on regional plates for pre-and post-Amendment 19
periods.
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e West Coast Groundfish Observer Program (WCGOB) Commercial Bottom Trawl Bycatch, from
which regional plates of similar taxa have been developed, and further stratified by Ibs/km
(Appendices F1-F4) and Ibs/ton of groundfish (Appendices F5-F8).

3.2.2.1 Selected Observations of Corals and Sponges

Appendix D maps depict the spatial distribution of selected observations of corals and sponges from
visual surveys conducted by a number of agencies and institutions (Table 3). Many of the locations of
observations are included in a national database prepared under the auspices of NOAA’s Deep-Sea Coral
Research and Technology Program (NOAA 2011). Although there are a number of records of additional
observations recorded at various research institutes, this database is currently the most comprehensive
source of electronically available records of coral and, to a lesser extent, sponge observations in the
region. Development of this database is ongoing and additional records of observations will be added as
they become available. Appendix D plates also depict records from two other database query results: 1)
selected observations of corals and sponges from submersible and remotely operated vehicle (ROV)
surveys off southern California (NMFS SWFSC [M. Yoklavich]), and 2) a database maintained by Brian
Tissot (Washington State University Vancouver) containing records of coral observations from
submersibles and ROV surveys off Oregon and central and southern California (Bianchi, 2011; Bright,
2007; Pirtle, 2005). These additional records were added to the map figures because they were not yet
included in the version of the national database. Compared to the 2006 groundfish EFH review, this
database represents a major advancement in access and dissemination of records of coral and sponge
presence in the region. Furthermore, this database was not available during the Amendment 19 process.

The Appendix D maps depict point locations of observations of corals and sponges recorded via a variety
of collection methods (Table 3). Records with the label “in situ observation” were made using direct
count methods utilizing submersible, ROV, or camera sled platforms. The precision of these point
locations varies between data sets, ranging from very precise estimates of vehicle position at the location
of the individual coral or sponge specimen observed in situ, to more general representations of a vehicle
dive transect. Almost all records of corals and sponges collected via “trawls” or “dredges” originate from
surveys conducted by NMFS during the past three decades; however, numerous records from museum
collections within the “various” category also originate from very early NMFS trawl surveys conducted
over the last century. Trawl and dredge records exhibit less locational precision, because trawls often
operate over 100’s of meters to 10’s of kilometers. It is very difficult to estimate over the course of a
trawl or dredge track when and where a particular specimen was collected. As mentioned above, records
termed “various” most often are part of museum collections, for which the original collection method
varies between the other four general categories or is not specified. The final category, “ROV collection”
refers to specimens that were physically extracted from their benthic habitat by an ROV. Often times,
these specimens are accessed in a museum collection. Consequently, this database of observations may
contain duplicate records. Due to the varying and often unrecorded precision of the location information,
particularly from trawl samples, users of these data should exercise caution when conducting any fine
scale spatial analysis.

These records of selected coral and sponge observations are presented in map view to highlight the
geographic scope of the observations (e.g., Figure 8; Appendix D). The spatial distribution of these
locations of coral and sponge presence is largely driven by survey effort. The largest number of records
originates from in situ observations (red) at discrete survey sites. Major areas of direct count in situ
studies include sites in the Olympic Coast National Marine Sanctuary, numerous rocky banks off Oregon,
central California (e.g., Cordell Bank National Marine Sanctuary) and in the southern California Bight,
and submarine canyons off Oregon and central California, including a very large number of records from
sites in and around Monterey Bay.
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The second most numerous category of records comes from trawl surveys (blue), which were conducted
mostly by the NMFS starting in the mid 1970’s and continuing through 2010, at least for the current
version of the database. These observations are limited to “trawlable” areas of the continental shelf and
slope, while survey focus was often to make fishery-independent estimates of groundfish biomass. It is
important to note that most trawl gear is not designed to sample sessile benthic invertebrates, nor is it
designed to access the types of habitats in which these organisms typically reside. The exception is sea
pens and sea whips, since they don’t require hard substrate for attachment. For this reason, sea pens and
sea whips are encountered much more frequently in the catch of trawl surveys than any other coral taxa
(see Whitmire and Clarke, 2007).

Lastly, records in the “various” category (yellow) are less numerous and occur in areas off Washington
and central and southern California. When they appear in dense clusters around a feature such as
seamounts (e.g., Figure 8), they almost certainly originate from ROV or submersible surveys. Such
records would have been members of the “in situ observation” had the data attributes indicated this.
Often times, these records were provided as queries of museum specimen collections or online databases
for which observations are compiled from a variety of sources.

In contrast to the existing databases of observations described above, the last review of groundfish EFH
that concluded in 2006 utilized significantly fewer records of observations. A summary of data sources,
total records reviews, and numbers of observations used during the last review is detailed in Appendix B
of the Final Environmental Impact Statement (NMFS, 2005).

Table 3. Summary of records of coral and sponge observations depicted in map views (Figure 8; Appendix D) and
categorized by collection method. Data sources include 1) a national database of deep-sea coral and sponge
records maintained by NOAAs Deep-Sea Coral Research and Technology Program, 2) records from various
submersible and ROV surveys conducted by the NMFS SWFSC (M. Yoklavich), 3) records from various submersible
and ROV surveys conducted by OCNMS (C. E. Bowlby; Brancato et al. 2006; Brancato and Bowlby 2005) and 4) a
database maintained by Brian Tissot (Washington State University Vancouver) containing records of coral
observations from submersibles and ROV surveys off Oregon and central and southern California (Bianchi, 2011;
Bright, 2007; Pirtle, 2005). Many specimens extracted from their benthic substrate via ROV are also included in the
“various” category; however, the national database does not always include details about the collection method.

Collection Method # Database Records *
in situ observation 304,069
research trawl 8,268
various 271
ROV collection 3
research dredge 1
Total 312,612

*Some database records may represent multiple observations of corals and/or sponges.
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Example of map from Appendix D, selected observations of corals and sponges.
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3.2.2.2 Distribution of Corals and Sponges from Standardized Catch in the
NMFS West Coast Groundfish Bottom Trawl Survey Conducted Before and After
the 2006 EFH Review

Appendix E plates depict the spatial distribution of standardized survey catch of corals and sponges
within two time periods: “Before” (2003-05 survey cycles) and “After” (2006-10 survey cycles)
implementation of Amendment 19 regulations. The sole data source for the map layers is catch records
from the WCGBTS. Since 2003, the WCGBTS has been a combined survey of demersal species residing
in both continental shelf (i.e., 30-100 fm) and slope (i.e., 100-700 fm) habitats. Each year, the WCBGTS
sampled about 750 stations during two passes (May-July, August-October) operating north to south from
the Canadian to Mexican maritime borders. Tow durations were targeted at 15 minutes, with a mean tow
distance of 1.4 km. Invertebrates in the catch were sorted, weighed and identified down to the lowest
possible taxonomic level. Consequently, taxonomic resolution was dependent upon the expertise of
onboard biologists. A full description of the survey design and protocols can be found in past cruise
reports at: http://www.nwfsc.noaa.gov/research/divisions/fram/index.cfm. A GIS project was constructed
in ArcGIS™ geographical information system software (Environmental System Research Institute,
Incorporated, Redlands, California) in order to archive and display the collected data files, and to create
the map layouts from which the comparative maps were derived. This project is currently available
online-at: http://efh-catalog.coas.oregonstate.edu/overview/.

Standardized catch was defined as the total weight of organisms (kg) per linear distance towed (km) witin
a standard area and calculated for four taxonomic groupings of organisms: 1) corals (excluding sea pens
and sea whips) and sponges, 2) corals (excluding sea pens and sea whips), 3) sponges, and 4) sea pens and
seas whips (Appendix E-1 to E-4). The numerator (catch) was calculated using a kernel density algorithm
in ArcGIS™ geographical information system software (Environmental System Research Institute,
Incorporated, Redlands, California). The kernel density algorithm distributes catch over a surface that is
defined by a user-specified distance from the line, where the catch is highest on the line and dimishes
proportionally with distance from the line (Figure 9). Each kernel surface encompasses the toal catch
value for a given tow. The denominator (effort) was calculated using a line density algorithm that sums
the total portions of lines intersecting a circular search area (Figure 10). Both density values are assigned
to grid cells of user-specified dimensions. Cells with values greater than zero indicate areas of positive
catch, while cells of zero value indicate areas where effort occurred but no corals and/or sponges were
present in the catch. The density parameters used for calculating both catch and effort were a 6 km search
radius and a 500x500 m cell size. By standardizing catch by effort, the resulting catch outputs were
standardized over both space and time. Since density outputs are highly sensitive to the specified radius
and cell size, the absolute values are less important than the relative nature of them. The benefit of this
output over depicting towlines themselves is that the density output better identifies areas where catch is
concentrated.

Sponges (Appendix E-3) were more common in the catch than corals (Appendix E-2), and accounted for
the top six taxa by standardized weight (CPUE) in the period from 2003-10 (Table 4). Two pennatulid
taxa were the next most abundant, with gorgonians and then black corals being the most frequently
recorded of all non-pennatulid coral taxa. Any significant changes in the frequency or standardized catch
of taxa between the two time periods should be interpreted with caution, as the ability of onboard
biologists to identify corals in the catch has improved throughout time.

In order to evaluate how fishing effort has changed between the two time periods, the color ramps for the
intensity layers are scaled to the same range of values in each panel (e.g., Figure 9). Blue- (red-) shaded
areas represent the lowest (highest) relative effort in both time periods. The value in the map legends is
the lowest “high” value between the time periods. It was necessary to set the color ramp to the lowest
“high” value in order for the colors in each panel to perfectly match and therefore be comparative.
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In the maps showing standardized catch of corals excluding sea pens/whips (Appendix E-2), areas of
highest relative CPUE occurred off northern California (Figure 11) in both time periods. Two areas off
northern Washington show moderate CPUE, one within the Olympic 2 EFH conservation area in the
recent time period (Figure 12).

In the maps showing sponges only (Appendix E-3), the areas of highest relative CPUE occurred off
southern California, two sites in the before period and one in the after (Plate F3). The one area of highest
CPUE in the recent time period also showed relative moderate catches of sponges in the before period.
Other areas of moderate catch of sponges occurred near the Eel River Canyon (Plate D2, before) and off
central Oregon in both time periods (Plate B2).

Areas of highest CPUE for sea pens/whips (Appendix E-4) occurred off northern and central Oregon
(Plate B-2) and central California (Plate F3). Other areas of moderate CPUE are apparent off San
Francisco in the recent time period (Plate E2) and central (Plate F3) and southern California (Plates F4
and F5).

One important consideration when evaluating catch records of invertebrates from trawl surveys is the
sampling gear itself. Bottom trawl gear used in the WCGBTS is not designed to sample sessile
invertebrates, nor is it designed to access many of the preferred habitats for coral and sponge settlement or
habitats known to support corals and sponges. Regardless of the limitations of the gear, corals or sponges
were recorded in almost half of all survey tows (Table 4; Appendix E-1). The average length of survey
tows is much shorter in duration than commercial tows, and vessel captains can often prosecute a tow in
areas where they normally would not during commercial operations. This may in part account for the fact
that corals and sponges are recorded more frequently in survey catches (see Section 3.2.2.3, Table 5 and
Appendix F).
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Table 4. Summary of coral and sponge taxa recorded during tows as part of the West Coast Groundfish Bottom

Trawl Survey (WCGBTS), comparing two time periods:

“Before” (2003-05) and “After” (2006-10). “#" denotes

number of tows with recorded bycatch; “FREQ” denotes ratio of tows with catch to total tows recorded; “CPUE”

denotes catch per unit of effort (units: kg/ha).

Tow counts represent only those where corals or sponges were

present in the catch. Taxa are listed in descending order of CPUE for combined time period.

BEFORE AFTER BEFORE + AFTER

# FREQ CPUE # FREQ CPUE # FREQ CPUE

Porifera 359 21.7% 1,852.90 647 19.0%  2,297.41 1,006 19.9%  4,150.31
Hexactinosida 103 6.2% 810.13 295 8.7%  2,371.76 398 7.9% 3,181.89
Rossellinae 53 3.2% 154.01 91 2.7% 698.79 144 2.8% 852.80
Suberites spp. 3 0.2% 425.77 9 0.3% 2.90 12 0.2% 428.67
Hyalonema spp. 47 2.8% 49.17 95 2.8% 174.32 142 2.8% 223.49
Hexactinellida 17 1.0% 77.80 0 0.0% 0.00 17 0.3% 77.80
Pennatulacea 245 14.8% 16.18 417 12.3% 24.44 662 13.1% 40.62
Anthoptilum grandiflorum 98 5.9% 6.64 289 8.5% 30.58 387 7.7% 37.22
Chrysopathes spp. 0 0.0% 0.00 31 0.9% 29.24 31 0.6% 29.24
Antipatharia 66 4.0% 23.85 25 0.7% 1.77 91 1.8% 25.61
Halipteris spp. 0 0.0% 0.00 161 4.7% 13.11 161 3.2% 13.11
Gorgonacea 58 3.5% 2.56 82 2.4% 10.34 140 2.8% 12.90
Anthomastus ritteri 16 1.0% 3.09 69 2.0% 8.04 85 1.7% 11.13
Ptilosarcus gurneyi 28 1.7% 2.48 62 1.8% 5.64 90 1.8% 8.12
Alcyonacea 14 0.8% 0.89 15 0.4% 3.53 29 0.6% 4.42
Anthomastus spp. 19 1.2% 3.00 11 0.3% 1.29 30 0.6% 4.29
Callogorgia kinoshitae 4 0.2% 0.06 22 0.6% 4.09 26 0.5% 4.15
Umbellula spp. 23 1.4% 1.38 94 2.8% 2.47 117 2.3% 3.84
Paragorgia spp. 6 0.4% 0.56 14 0.4% 2.68 20 0.4% 3.24
Isidella spp. 1 0.1% 0.06 9 0.3% 3.05 10 0.2% 3.11
Scleractinia 4 0.2% 243 3 0.1% 0.14 7 0.1% 2.57
Farrea spp. 5 0.3% 0.76 3 0.1% 0.85 8 0.2% 1.61
Anthoptilum murrayi 4 0.2% 0.06 29 0.9% 1.01 33 0.7% 1.07
Flabellidae 2 0.1% 0.03 9 0.3% 0.82 11 0.2% 0.84
Caryophylliidae 1 0.1% 0.09 5 0.1% 0.35 6 0.1% 0.45
Bathypathes spp. 6 0.4% 0.05 25 0.7% 0.37 31 0.6% 0.42
Keratoisis spp. 2 0.1% 0.41 0 0.0% 0.00 2 0.0% 0.41
Stylasteridae 1 0.1% 0.00 4 0.1% 0.37 5 0.1% 0.37
Lillipathes spp. 3 0.2% 0.08 9 0.3% 0.20 12 0.2% 0.28
Callogorgia spp. 1 0.1% 0.02 4 0.1% 0.17 5 0.1% 0.19
Pennatula phosphorea 1 0.1% 0.01 10 0.3% 0.10 11 0.2% 0.12
Acanthogorgiidae 0 0.0% 0.00 1 0.0% 0.01 1 0.0% 0.01
749 45.3%  3,434.45 1,554 45.7%  5,689.85 2,303 45.5%  9,124.30

1,652 3,404 5,056
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grid cell

Figure 9.  Conceptual drawing of how the ArcGIS kernel density algorithm works, showing application of
the user specified parameter values: search radius and grid cell size. Image source: Environmental
Systems Research Institute, Inc.

L1

grid cell

radius

Figure 10. Conceptual drawing of how the ArcGIS line density algorithm works, showing application of
the user specified parameter values: search radius and grid cell size. “L1" and “L2" represent

hypothetical line inputs to the density algorithm. Image source: Environmental Systems Research
Institute, Inc.
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Figure 11. Example of plate from Appendix E-2 showing the distribution of coral CPUE (excluding sea
pen/whips) off the Northern California Coast pre- and post- Amendment 19 from the West Coast

Groundfish Bottom Trawl Survey.
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Figure 12. Example of plate from Appendix E-2 showing the distribution of coral CPUE (excluding sea
pen/whips) off the Northern Washington Coast pre- and post- Amendment 19 from the West Coast
Groundfish Bottom Trawl Survey.

3.2.2.3 Distribution of Corals and Sponges in Standardized Commercial
Bycatch from West Coast Groundfish Observer Program Conducted Before and
After the 2006 EFH Review

Appendix F Plates depict the spatial distribution of standardized commercial bycatch of corals and
sponges within two time periods: “Before” (3 Jan 2002 — 11 Jun 2006) and “After” (12 Jun 2006 — 31
Dec 2010) implementation of Amendment 19 regulations. Records of limited-entry trawl tows were
compiled from one source: observer records from the WCGOP database. The WCGOP database includes
records of trips for vessels using a variety of bottom trawl gear configurations, including small and large
footrope groundfish trawl, set-back flatfish net, and double rigged shrimp trawl, to name a few. Records
of tows using mid-water trawl gear were not included in this analysis, since observers recorded no
bycatch of corals or sponges using this gear type. Furthermore, since all fishing operations are not
observed, neither the maps nor the data can be used to characterize bycatch completely. We urge caution
when utilizing these data due to the complexity of groundfish management and fleet harvest dynamics.
Annual WCGOP coverage of the limited-entry trawl sector can be found online at:

http://www.nwfsc.noaa.gov/research/divisions/fram/observer/sector_products.cfm. A GIS project was
constructed in ArcGIS™ geographical information system software (Environmental System Research
Institute, Incorporated, Redlands, California) in order to archive and display the collected data files, and
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to create the map layouts from which the comparative maps were derived. This project is currently
available online at: http://efh-catalog.coas.oregonstate.edu/overview/.

Trawl events were represented by a straight line connecting the start and end points. Towlines
intersecting land, outside the U.S. EEZ, deeper than 2,000 m, or with a calculated straight-line speed over
5 knots were removed from the spatial analysis. Bycatch was analyzed for four taxonomic groupings of
organisms: 1) corals (excluding sea pens and sea whips) and sponges, 2) corals (excluding sea pens and
sea whips), 3) sponges, and 4) sea pens and seas whips. For each of the four taxonomic groups, two
standardized bycatch metrics were calculated: 1) standardized CPUE (units: Ib/km; Appendix F-1 to F-
4), and 2) catch-per-unit-of groundfish catch (i.e., CPUC, units: Ib/ton of groundfish; Appendix F-5 to F-
8).

The numerator for both bycatch metrics was catch density, calculated using a kernel density algorithm in
ArcGIS™ geographical information system software (Environmental System Research Institute,
Incorporated, Redlands, California). Catch density was calculated for all tows with presence of one of the
four taxonomic groups of corals and sponges.

The denominator for either the CPUE or CPUC was calculated using the same line density algorithm
utilized in the two trawl effort intensity layers. For the CPUC metric, the line density algorithm weights
each linear feature representing a tow by the weight of groundfish catch (tons). Effort density of density
of groundfish catch was calculated for all tows, regardless of presence of corals or sponges in the catch.

By standardizing catch by either amount of effort (km/km?®, Appendix F-1 to F-4) or catch of groundfish
(Ib/km?; Appendix F-5 to F-8), the resulting bycatch outputs were standardized over both space and time.
In order to maintain the confidentiality of individual vessels, any cells with density values calculated from
fewer than three vessels were removed from the final map layers. This did not significantly change how
bycatch was represented since almost all bycatch occurred within areas where more than two vessels were
operating. The density parameters used for calculating standardized bycatch were a 3 km search radius
and a 500x500 m cell size.

Before interpreting the data and map figures, there are a few points about the methods used to create them
that are important to consider. First, trawl tracks are only represented by straight lines connecting start
and end points. Trawls rarely follow straight lines; therefore, the longer the line the higher the
uncertainty as to its actual path. Second, since we are uncertain as to when bycatch occurred during the
course of a trawl, bycatch was assumed to occur consistently and proportionally over the entire course of
the straight trawl line. Third, only observed trips are represented. Fourth, different trawl gear
configurations will access different types of habitats and topographic relief. Fifth, the boundaries of the
trawl rockfish conservation areas have changed throughout both of these time periods, effectively
changing access to trawlable (and biogenic) habitats within these areas. Lastly, implementation of the
EFH conservation areas in June 2006 significantly curtailed access to some known biogenic habitats. The
effects of these closures on protection of biogenic habitats are not fully understood.

Based on observer records of the limited-entry trawl sector, recorded bycatch of corals and sponges has
changed significantly, both in frequency and standardized amount, since implementation of Amendment
19 regulations in June 2006 Table 5). Both the frequency (percent observed hauls) of bycatch and total
weight (Ib) of all three taxonomic groups combined have about doubled in the recent time period.
Although this may seem alarming at first glance, this statistic is very likely influenced by a more
concerted effort by observers to identify biogenic-structure forming invertebrates in commercial catches.
Curiously, standardized bycatch (CPUE and CPUC) of corals has decreased over 5-fold since June 2006,
while the frequency of occurrence has remained fairly consistent. What’s even more perplexing is that
the frequency of occurrence and standardized bycatch (CPUE and CPUC) of sea pens/whips have seen a
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2-fold change, but in opposite directions (up for frequency and down for standardized bycatch). During
the last decade of the observer program, sponges dominated the weight of bycatch for all three taxonomic
groups, but this was not always the case. Sponge and corals were caught at relatively equal rates in the
early time period, but in more recent times sponges are encountered four times more frequently and at
much higher standardized catch rates compared to corals. Since observers in recent years have been
trained to give equal attention to recording bycatch of both taxonomic groups, the large difference in
magnitude may reflect either an increased level of impact by limited-entry trawlers on sponges compared
to corals, or a greater relative abundance of sponges in “trawlable” habitats, or the more accurate records
of sponge bycatch in recent years.

Eight (four taxonomic groups by two bycatch metrics) sets of map figures (Plates) were created to show
temporal comparisons of standardized bycatch, (Appendix F). In order to evaluate how bycatch has
changed between two time periods in any given map set, the color ramps for the density layers in each
time period were scaled to the same range of values. Blue- (red-) shaded areas represent the lowest
(highest) relative effort in both time periods. The upper value in the map legends is the lowest “high”
value between the time periods. It was necessary to set the color ramp to the lowest “high” value in order
for the colors in each panel to perfectly match and therefore be comparative.

One apparent feature of all map figures is that few areas of high relative bycatch are evident. This is a
result of having to scale the color ramps for each panel to facilitate temporal comparison. Since the range
of standardized bycatch values between each time period is significantly different and since many values
are very low (near zero), most areas of the map layers appear dark blue (zero to low bycatch). The areas
of the map that appear lighter blue (teal) or red represent areas where bycatch was higher in one time
period versus the other.

For sponges (Appendices F-3 and F-7) and corals/sponges combined (Appendices F-1 and F-5), areas that
show consistently higher relative amounts of bycatch are located on the northern Oregon slope (Figure
13; Plate B2) and a couple areas off southern Oregon (Figure 14; Plate C2). Areas of decreased bycatch
for sponges (Appendix F-3) and corals/sponges combined (Apendix F-1 and F-5) occur at two small areas
on the central Oregon slope (Plate B2) and near the Eel River Canyon (Plate D2). One area of increased
bycatch of these taxonomic groups is evident off Cape Arago, Oregon (Plate C2). For corals
(Appendicies F-2 and F-6), bycatch has decreased significantly in many areas, especially at one small
area off the Columbia River mouth and a number of areas off northern Oregon (Plate B2), and two areas
off southern Oregon (Plate C2). Bycatch has only increased in one area off Crescent City, California
(Plate C2). And finally, bycatch of sea pens/whips (Appendices F-4 and F-8) has decreased significantly
in three areas off northern Oregon (Plate B2) and one small area shoreward of the Bandon High Spot
(Plate C2).
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Table 5. Summary of coral and sponge bycatch metrics for observed tows using bottom trawls as part of the West Coast Groundfish Observer Program
(WCGTOP), comparing two time periods: “Before” (3 Jan 2002 — 11 Jun 2006) and “After” (12 Jun 2006 — 31 Dec 2010) implementation of Amendment 19
regulations. “#” denotes number of hausl; “FREQ” denotes ratio of hauls with positive catch of taxon to total hauls observed; “Weight” denotes catch (Ib); “CPUE”
denotes catch per unit effort (units: Ib/km); “CPUC” denotes catch per unit of groundfish catch (units: Ib/ton GF). Haul counts represent only those hauls where
corals or sponges were present in the catch. Annual WCGOP coverage of the limited-entry trawl sector can be found online at:
http://www.nwfsc.noaa.gov/research/divisions/fram/observer/sector_products.cfm.

Before After Before + After
# FREQ Weight CPUE CPUC # FREQ Weight CPUE CPUC # FREQ Weight CPUE CPUC
Coral 319 2.0% 9,309 4.9E-02 1.9€-04 335 1.8% 2,197 9.0E-03 3.7E-05 654 1.9% 11,507 2.7E-02 1.1E-04
sea pen/
whip 198 1.3% 232 1.2E-03 4.8E-06 474 2.5% 145 5.9E-04 2.5E-06 672 1.9% 377 8.7E-04 3.5E-06
sponge 469 3.0% 10,025 5.3E-02 2.1E-04 1,444 7.6% 45,383 1.9e-01 7.7E-04 1,913 5.5% 55,408 1.3E-01 5.1E-04
903 5.7% 19,567 1.0E-01 4.0E-04 2,003 10.5% 47,725 2.0E-01 8.1E-04 2,906 8.4% 67,292 1.6E-01 6.2E-04
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Figure 13. Example plate from Appendix F-1: the distribution of coral and sponge CPUE (Ib/km) as
bycatch from the West Coast Groundfish Trawl Observer Program before and after the implementation of

Amendment 19 regulations.
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Figure 14. Example plate from Appendix F-5: the distribution of coral and spong CPUE (lb/ton
groundfish) as bycatch from the West Coast Groundfish Trawl Observer Program before and after the
implementation of Amendment 19 regulations.

3.2.2.4 Information on Commercial Bycatch of Corals and Sponges from West
Coast Groundfish Observer Program Fixed Gear and At-sea Hake Sectors Before
and After the 2006 EFH Review

Along with the limited-entry bottom trawl sector, the WCGOP observes vessels using fixed gears,
including those participating in the following sectors: limited entry sablefish-endorsed primary season,
limited entry non-sablefish endorsed, open access fixed gear, Oregon and California nearshore. Gear
types where corals and sponges have been recorded as bycatch include longlines, set nets, fish pots and
pole to name a few. Not all fixed gear trips are observed, so the data should not be used to characterize
bycatch of corals and sponges completely. As with many observer data products, we urge caution when
utilizing them due to the complexity of groundfish management and fleet harvest dynamics. Annual
WCGOP coverage of the fixed gear sectors can be found online at:
http://www.nwfsc.noaa.gov/research/divisions/fram/observer/sector_products.cfm.

Because of the dearth and sparseness of bycatch records of corals and sponges during observed trips using
fixed gears, bycatch records were unable to be summarized spatially. Since implementation of
Amendment 19 regulations in June 2006, coastwide, combined bycatch of corals, sea pens/whips and
sponges has decreased by at least 40 percent both in frequency and standardized amount (Table 6). For
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corals and sponges separately, both metrics of bycatch (frequency, standardized weight) have decreased.
Since June 2006, only standardized weight (CPUC) of sea pens/whips has increased, that by 19 percent.
Compared to observer records for the limited-entry trawl sector, the frequency of bycatch of corals and
sponges in fixed gear sectors is markedly less.

Unlike the fixed gear and limited-entry trawl sectors, observer coverage in the at-sea hake fleet is very
near 100 percent. Like the fixed gear sectors, bycatch of corals and sponges in the at-sea hake fleet, as
recorded by observers of the At-Sea Hake Observer Program (ASHOP), is relatively rare (Table 7). This
is most likely due to the fact that the at-sea hake fleet uses mid-water trawl gear, which typically does not
contact the seafloor. Between 2000 and 2010, only 38 kg of combined bycatch of corals, bryozoans, sea
pens/whips and sponges have been recorded for vessels in the at-sea sector. Bycatch was only recorded in
0.4 percent of all observed tows in that 11-year period. Although frequency and standardized catch
(CPUE) have decreased in the last 5 years, the relatively low rate of bycatch makes it difficult to interpret
any meaning from that change.
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Table 6. Summary of coral and sponge bycatch metrics for observed sets using fixed gears as part of the West Coast Groundfish Observer Program (WCGOP),
comparing two time periods: “Before” (3 Jan 2002 — 11 Jun 2006) and “After” (12 Jun 2006 — 31 Dec 2010) implementation of Amendment 19 regulations. “#"
denotes number of sets with recorded bycatch; “FREQ” denotes ratio of sets with bycatch to total sets observed; “Weight” denotes bycatch (Ib.); “CPUC” denotes
bycatch per unit of groundfish catch (units: Ib./ton GF). Set counts represent only those where corals or sponges were present in the catch.

Before After Before + After
# FREQ Weight CPUC # FREQ Weight CPUC # FREQ Weight CPUC
coral 49 1.0% 68 2.2E-02 39 0.6% 25 6.5E-03 88 0.7% 93 1.3E-02
sea pen/whip 18 0.4% 8 2.6E-03 7 0.1% 12 3.1E-03 25 0.2% 20 2.9E-03
sponge 36 0.7% 131 4.3E-02 41 0.6% 110 2.8E-02 77 0.7% 241 3.5E-02
102 2.0% 207 6.8E-02 83 1.2% 147 3.8E-02 185 1.6% 354 5.1E-02

Table 7. Summary of coral and sponge bycatch metrics for observed tows using mid-water trawl gears as part of the At-Sea Hake Observer Program (ASHOP),
comparing two time periods: 2000-05 and 2006-10. “#” denotes number of tows where bycatch was recorded; “FREQ” denotes ratio of tows with bycatch to total
tows observed; “Weight” denotes bycatch (kg); “CPUE” denotes bycatch per unit of effort (units: kg/hr.). Tow counts represent only those where corals or sponges
were present in the catch.

2000-05 2006-10 2000-10
# FREQ Weight CPUE # FREQ Weight CPUE # FREQ Weight CPUE
9.8 3.6E-04 0.4 1.1E-05 10.2 1.7E-04
17.3 6.4E-04 10.9 3.2E-04 28.1 4.6E-04
0.1 1.9E-06 0.0 NA 0.1 8.2E-07
67 0.5% 27.2 1.0E-03 33 0.2% 11.2 3.3E-04 100 0.4% 38.4 6.3E-04
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3.3 Associations of Groundfish with Habitats

Appendix B.2 (McCain et al. 2005) of the Groundfish FMP (PFMC 2011a) includes composite life
history, geographical distribution, and habitat association information for 82 FMU species. Appendix B2
was intended to be a “living” document, and includes information published prior to or during 2004 for
82 FMP species (McCain et al. 2005). Relevant new spatial and trophic information published during
2004-2011 was compiled and summarized for the 91 currently designated FMP species.

Knowledge of spatial associations (e.g., range and depth designations, distribution and abundance
estimates, habitat associations, environmental correlates) and trophic interactions (e.g., diet composition,
predators, foraging habitat, trophic position) is necessary for an accurate description of EFH. A thorough
search was conducted for each of the 91 current FMP species in order to identify and compile all relevant
new literature. Initially, a species’ synonmy was reviewed using the California Academy of Science’s
Catalog of Fishes (Eschmeyer and Fricke 2011) to determine if any changes in the scientific name had
occurred since the last review. If a recent name change was indicated, the prior scientific name was
included in literature searches. The pertinent FishBase (Froese and Pauly 2011) species profile was then
accessed and reviewed for information and literature relevant to EFH. Aquatic Science and Fisheries
Abstracts, Biosis, Web of Science, and Zoological Record databases were used to locate any peer—
reviewed publications, technical reports, student theses, book chapters, or other relevant literature that
were produced during 2004-2011. All applicable new information, regardless of study region or
publication language, was amassed from directed scientific research, fishery—independent surveys, and
pertinent laboratory trials. Only field studies occurring in the eastern North Pacific were considered to
restrict extraneous literature pertaining to species with amphi-Pacific or cosmopolitan distributions. A
synthesis of new trophic and spatial information for each life stage (i.e., eggs, larvae, juveniles, adults) of
the 91 designated groundfish species is included in Appendix G of this report. Results of predictive
modeling efforts and literature restricted to these methods were not included and instead are covered in
Section 3.4.1 of this report (“Description of Available Models”). A bibliography consisting of the totality
of the identified literature is included as Appendix G.

3.3.1 Groundfish Species Group Summaries

The general structure of this Section and Appendix G is consistent with the composition and relative order
of the species groups designated in the FMP for Pacific Coast groundfishes. These groups include:
Flatfishes (N = 4 species), Other Flatfishes (N = 8), Rockfishes (N = 15), Other Rockfishes (N = 49), and
Other Groundfishes (N = 15). However, the level of detail provided in this chapter is much more limited
than that of McCain et al. 2005 by necessity and design. Thorough species accounts that incorporate all
relevant information for each life stage (i.e., eggs, larvae, juveniles, adults) were constructed for the four
flatfish species (Appendix G-1), Other Flatfish (Appendix G-2), Rockfishes (Appendix G-3), Other
Rockfishes (Appendix G-4), and Other Groundfish (Appendix G-5). These are included as analogs to the
species accounts provided by McCain et al. 2005 as a way to gauge the possible future utility of such an
effort for all 91 species. The summaries below generally synthesize new information on spatial
associations and trophic interactions that are pertinent to the designation of EFH for each of the five
designated groundfish groups.

3.3.1.1 Flatfishes

New literature on spatial associations and trophic interactions of the Flatfishes group consisted of 64
publications, with several publications providing information for multiple species (Appendix G-1).
Arrowtooth flounder was the most studied flatfish (39 publications), whereas petrale sole was the least
studied (12 publications). Data summaries from fishery—independent surveys provided a great deal of
general information on distribution and abundance patterns along the U.S. West Coast (e.g., Keller et al.
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2005, 2007, 2008) and throughout Canadian (e.g., Choromanski et al. 2004, 2005; Workman et al. 2008)
and Alaskan waters (e.g. Hoff and Britt 2005; Rooper 2008; von Szalay et al. 2010). However, directed
studies provided more specific information that often built upon previous research and was of greater
relevance for the description of EFH. Several such studies integrated contemporary and historic physical
and biological data to provide detailed explanations for observed life-stage specific spatial patterns (e.g.,
Abookire et al. 2007; Bailey et al. 2008). More new spatial information was available when compared to
trophic information, a situation that reflects the relative amount of scientific attention as well as the
substantial contribution of newly published fishery-independent survey data.

A common element of contemporary spatial studies involving flatfishes is the integration of physical,
environmental, and biological data. Integrated data sets were commonly used to explain distribution and
abundance patterns, especially as they related to reproductive movements and environmental tolerances.
Knowledge of seasonal and ontogenetic movements of arrowtooth flounder, Dover sole, and English sole
was considerably enhanced, with research conducted in Alaskan (e.g., Logerwell et al. 2005; Blood et al.
2007) and West Coast (Chittaro et al 2009; Toole et al. 2011) regions. In addition, focused research
greatly expanded knowledge regarding estuarine use of (primarily juvenile) English sole and emphasized
the likely importance of these environments to population maintenance (Rooper et al. 2004; Brown et al.
2006a, b). Hypoxic conditions were found to be especially deleterious to petrale sole, but did not
adversely affect English sole or Dover sole (Keller et al. 2010). Dover sole was also resilient to trawling
disturbance (Hixon and Tissot 2007). Arrowtooth flounder populations in the eastern Bering Sea appear
to be expanding as a result of ocean warming (Zador et al. 2011).

New information on trophic interactions was available for all members of the Flatfishes group to a
variable degree (Appendix G-1). Arrowtooth flounder diet composition has been extensively studied in
recent years throughout Alaskan (e.g., Yang et al. 2006; Knoth and Foy 2008) and Canadian (Pearsall and
Fargo 2007) waters. These studies demonstrated the prevalence of piscivory, which increased with size,
and a high proportion of pelagic prey. Dover sole in the Gulf of Alaska (Yang et al. 2006) and Hecate
Strait (Pearsall and Fargo 2007) and English Sole in Hecate Strait (Pearsall and Fargo 2007) exhibited
very similar diets consisting mainly of polychaetes and other benthic invertebrates and fed at a lower
trophic level than Arrowtooth flounder. The prey composition of these species reflected foraging in
unconsolidated habitats, especially those composed of mud. A single study indicated that petrale sole diet
composition in Hecate Strait consisted primarily of fishes (especially Pacific herring) (Pearsall and Fargo
2007), in contrast to historic studies that showed a greater reliance on decapod crustaceans. Several new
trophic linkages were established between the described flatfishes and their predators, which included
seabirds (lverson et al. 2007), pinnipeds (Reimer and Mikus 2006; McKenzie and Wynne 2008), and
fishes (Trites et al. 2007; Pearsall and Fargo 2007). Food web modeling efforts in the Gulf of Alaska
revealed the considerable importance of arrowtooth flounder to regional trophic dynamics, including a
predator/prey feedback loop with walleye pollock (Aydin and Mueter 2007; Gaichas and Francis 2008;
Gaichas et al. 2010).

Some biases and limitations were evident among relevant, recent publications and should be considered
when interpreting results. Several studies distinguished juvenile and adult life stages based on size-at-
maturity information rather than more cumbersome external inspection. Size may not be an accurate
proxy for maturity, however, especially when reference information is derived from a different region.
Trawl surveys were mainly conducted during spring and summer months on unconsolidated substrate,
which restricts a comprehensive understanding of temporal or habitat-based variability. Tests of sample
size sufficiency were limited to a single Steller Sea Lion diet composition study. These tests are
especially important in diet composition research as most groundfishes are generalist predators with
considerable intraspecific dietary variation. In addition, all diet studies used pooled rather than
individual-specific prey data. This practice precludes the determination of intraspecific variability in diet
composition and biases results to samples with high numerical or gravimetric contributions. Finally, only
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basic spatial information was provided for most diet studies, which prevented a detailed understanding of
the relative use of foraging habitats.

3.3.1.2 Other Flatfishes

New literature on spatial associations and trophic interactions of the Other Flatfishes group consisted of
66 publications, with several publications providing information for multiple species (Appendix G-2).
Most Other Flatfishes were well studied, with rex sole (41 publications), flathead sole (38 publications),
and rock sole (31 publications) foremost among them. Curlfin sole (10 studies) and sand sole (12
publications) were referenced least among the accumulated literature, with most relevant information
contained in survey reports. Data on Pacific and speckled sanddabs and southern and northern rock sole
were occasionally pooled because of uncertain identification (e.g., Love and York 2005; McKenzie and
Wynne 2008) or for convenience during multi-species analyses (e.g., Hoff 2006; Gaichas and Francis
2008). To avoid confusion, the current designation of “rock sole” should be changed to the proper
common name of “southern rock sole” in accordance with American Fisheries Society guidelines. Data
summaries from fishery—independent surveys provided a great deal of general information on distribution
and abundance patterns along the U.S. West Coast (e.g., Keller et al. 2005, 2007, 2008) and throughout
Canadian (e.g., Choromanski et al. 2004, 2005; Workman et al. 2008) and Alaskan waters (e.g. Hoff and
Britt 2005; Rooper 2008; von Szalay et al. 2010). In addition, many directed studies provided
information on a wide variety of topics related to EFH (e.g., habitat associations, physiological tolerances,
trophic relationships), at various levels of detail. Much more new spatial information was available when
compared to trophic information, and no new diet composition information was produced along the West
Coast.

3.3.1.3 Rockfishes

From 2004-2011, 90 publications that contain information on spatial associations and/or trophic
interactions were located for the Rockfishes group (Appendix G-3). Most publications reported
information for multiple species and species were occasionally combined for convenience or because
identification was uncertain (e.g., Lauth et al. 2004; Wilson et al. 2008; Marilave and Challenger 2009).
Shortspine thornyhead (34 publications) and Pacific ocean perch (30 publications) were the most studied
rockfishes, whereas blackgill (6 publication) and chilipepper (8 publications) were the least studied. Data
summaries from fishery—independent surveys provided a great deal of general information on distribution
and abundance patterns along the U.S. West Coast (e.g., Keller et al. 2005, 2007, 2008) and throughout
Canadian (e.g., Choromanski et al. 2004, 2005; Workman et al. 2008; Yamanaka et al. 2008) and Alaskan
waters (e.g. Hoff and Britt 2005; Rooper 2008; von Szalay et al. 2010). However, the great majority of
this information was derived from trawl surveys, which are limited in their capability to sample rocky
substrates and therefore under—represent the distribution and abundance patterns of most rockfishes
(PFMC 2011a). Results of these surveys should therefore be interpreted cautiously for the Rockfishes
group. In addition, many directed studies focused on specific aspects of resource utilization (i.e., spatial
associations, trophic relationships) and provided detailed information that was relevant for the description
of EFH. Only 15 of the 89 contemporary publications contained trophic information, and there is a dearth
of recent diet composition information for Rockfishes throughout the eastern North Pacific.

3.3.1.4 Other Rockfishes

New literature on spatial associations and trophic interactions of the Other Rockfishes group consists of
85 publications, with several publications providing information for multiple species (Appendix G-4).
Species were sometimes combined for convenience or because identification was uncertain (e.g.,
Beaudreau and Essington 2007; Wilson et al. 2008; Frid and Marliave 2010). The most studied Other
Rockfishes were rougheye (26 publications), copper (25 publications), greenstriped (25 publications), and
redbanded (25 publications). Many species received sparse scientific attention, and no information was
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available for bronzespotted, California scorpionfish, chameleon, and semaphore rockfishes. Data
summaries from fishery—independent surveys provided a great deal of general information on distribution
and abundance patterns along the U.S. West Coast (e.g., Keller et al. 2005, 2007, 2008) and throughout
Canadian (e.g., Choromanski et al. 2004, 2005; Workman et al. 2008; Yamanaka et al. 2008) and Alaskan
waters (e.g. Hoff and Britt 2005; Rooper 2008; von Szalay et al. 2010). In addition, many directed
studies were published and provided information on a wide variety of topics related to EFH (e.g., habitat
associations, genetics/distribution, and movement patterns). Although a substantial amount new spatial
information was available, trophic information was comparatively sparse; a situation that reflects the
relative amount of scientific attention as well as the substantial contribution of newly published fishery—
independent survey data. Nine new species were added to the Other Rockfishes group since the last EFH
review was conducted (chameleon, dwarf-red, freckled, halfbanded, pinkrose, Puget Sound, pygmy, and
semaphore, and swordspine rockfishes). Literature reviews for these species were performed from 2002-
2011 and references published during 2002-2003 (Bernardi et al. 2009; Johnson et al. 2009) are listed
below. For historic information on these species, refer to Love et al. (2002). In addition, the species name
of the dusky rockfish is listed incorrectly as Sebastes ciliatus in the current list of FMP groundfish
species. Sebastes ciliatus refers to the more northernly distributed dark rockfish, whereas the dusky
rockfish (S. variabilis) ranges throughout most of the U.S. West Coast (Orr and Blackburn 2004). The
information and literature referenced here therefore refers to the dusky (S. variabilis), not dark (S.
ciliatus), rockfish.

3.3.1.5 Other Groundfishes

The Other Groundfishes group contains 15 species that, unlike the other groups, are not monophyletic
(i.e., derived from a single, common ancestral species). Therefore, for the purposes of this review, the
following subcategories were established based on taxonomic relatedness: 1) chondrichthyan, or
cartilaginous, fishes (big skate, California skate, leopard shark, longnose skate, spiny dogfish, spotted
ratfish, tope), 2) gadiform fishes, or cods (Pacific cod, Pacific flatnose, Pacific grenadier, Pacific hake),
and 3) scorpaeniform, or mail-cheeked, fishes (cabezon, kelp greenling, lingcod, sablefish). New
literature on spatial associations and trophic interactions of Other Groundfishes consisted of 120
publications, with the designated subgroups receiving comparable scientific attention (Chondrichthyes, N
= 58; Gadiformes, N = 64; Scorpaeniformes, N = 63) (Appendix G-5). Among species, lingcod (N = 42),
Pacific cod (N = 42), and Pacific hake (N = 34) were most studied, whereas few publications contained
relevant information about cabezon (N = 2), tope (N = 5), or California skate (N = 5). Most of the
available information, and certainly the most comprehensive, was obtained from directed studies.
However, fishery—independent surveys provided general information on distribution and abundance
patterns along the U.S. West Coast (e.g., Keller et al. 2005, 2007, 2008) and throughout Canadian (e.g.,
Choromanski et al. 2004, 2005; Workman et al. 2008; Yamanaka et al. 2008) and Alaskan waters (e.g.,
Hoff and Britt 2005; Rooper 2008; von Szalay et al. 2010). The North Pacific spiny dogfish population
was recently determined to be distinct from other global populations of spiny dogfish, Squalus acanthias,
and renamed the spotted spiny dogfish, S. suckleyi (Ebert et al. 2010). This name change should be
reflected in future documents. More new spatial information was available when compared to trophic
information, a situation that reflects the relative amount of scientific attention as well as the substantial
contribution of newly published fishery—independent survey data.

3.4 Modeling Distribution of Seafloor Habitat Types

Since 2005, a significant amount of research and modeling has been conducted regarding biogenic
habitat. Habitat surveys have been conducted using sidescan and multibeam sonar, human-occupied
submersibles, and remotely operated vehicles (ROVs). Several surveys have documented the interactions
between groundfishes, other demersal fishes, invertebrates, and benthic habitats. Of particular importance
in the future will be the determination of the distribution and abundance of biogenic species including
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deep water corals and their role and importance to the groundfish ecosystem.

Guinotte and Davies modeled significant areas of highly suitable deep-sea coral habitat both within and
outside existing NMS and EFH area closure boundaries. Total summed model values highlight existing
EFH area closures encompass the majority of predicted suitable habitat for Order Antipatharia and
Suborders Alcyoniina, Calcaxonia and Scleraxonia. However, the majority of suitable habitat for
Suborder Holaxonia and Order Scleractinia was predicted in areas outside of existing EFH area closure
boundaries. This study is significant in the context of the EFH review, as no habitat suitability models for
West Coast corals were available in 2005.

The EFHRC considered using new modeling applications that could be useful for assessing groundfish
habitat suitability. Models can be used to infer distribution of habitats or species in areas that lack data
and to increase the precision of distribution maps.

3.4.1 Description of Available Habitat Models

A model is a simplified, sometimes theoretical, representation of a real-world system. In any modeling
effort, there is a trade—off between simplicity and complexity that is typically contingent on the question
of interest and the amount and quality of the input data. A key to understanding the utility of a model, no
matter the degree of complexity, is the acknowledgement that the model will not fully describe the study
system completely or correctly, and acceptance of the possibility that many presumed interactions may
not represent reality (Field 2004). Consequently, model results are best treated in a general sense to
pinpoint major findings, key processes or drivers in study systems, and to direct future research. Three
general categories of models (spatially explicit, trophodynamic, and integrated ecosystem), relevant to the
determination and designation of EFH for Pacific groundfishes, are summarized in this section and
comprehensively considered in Appendix H.

3.4.1.1 Habitat Suitability Probability Model

A habitat suitability probability (HSP) model, termed the “EFH Model” (PFMC 2011a), was developed in
2004 by NMFS and outside contractors, and used in the 2008 West Coast Groundfish FMP (MRAG
Americas Inc. et al. 2004). The model incorporated three basic variables (seafloor substratum type, depth,
and location) to describe and identify EFH for each life stage of federally managed groundfishes and
presents this information graphically as an HSP profile (PFMC 2011a). Based on the observed
distribution of a groundfish species/life—stage in relation to the input variables, locations along the West
Coast were assigned a suitability value between 0 and 100 percent in the creation of the HSP profile.
These scores and their differences among locations were used to develop a proxy for the areas that can be
regarded as “essential.” The EFH Model provided spatially explicit HSP estimates for 160 of 328
groundfish species/life stage combinations, including the adults of all FMU species (PFMC 2011a). The
remaining 168 species/life stages were not completed because of insufficient data. In 2005, when the
HSPs of all species/life stages were combined, all waters and bottom areas at depths less than 3,500 m
were determined to be groundfish EFH.

The data used to determine HSP values exhibited some biases and limitations, and have been subject to
continued refinement. Among the primary concerns regarding the validity of model outputs are the use of
disparate data sets and data of variable quality. The EFH Model has remained static and has not been used
since its original construction. However, modification of the model is currently underway by personnel at
Oregon State University’s Active Tectonics and Seafloor Mapping Laboratory and industry collaborators
through support of the Bureau of Ocean Energy Management (C. Goldfinger, Oregon State University,
pers. comm.). In addition, updates to the HUD (see Section 3.5.4 of this report) and significant amounts
of new spatial and trophic information associated with Pacific groundfishes and life stages (see Section
3.3 of this report) also can be used to improve the predictive capabilities of the HSP Model.
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Accurate estimates of groundfish distributions are critical for effective spatial management through
improved stock assessments and the design of marine protected areas (MPAs) and EFH closed areas.
Strong, consistent benthic habitat associations of many groundfishes, in conjunction with recent advances
in acoustic seafloor mapping techniques, suggest that habitat determination may serve as a proxy for
predicting groundfish distribution and abundance at broad regional scales (Anderson et al. 2009).
Therefore, it should be possible to model and predict these spatial patterns using habitat maps and
quantified habitat relationships. The previously described EFH Model represents one such effort to model
groundfish distributions based on selected habitat variables. Four additional modeling efforts that attempt
to explain or predict groundfish distributions off the West Coast recently have been published. Three of
these were conducted in continental shelf waters off central California using presence/absence
observation data (lampietro et al. 2005, 2008; Young et al. 2010). In a more expansive study, Tolimieri
and Levin (2006) examined composition and variation in West Coast groundfish assemblage structure on
the upper continental slope in relation to temperature, year, depth, latitude, and longitude. Results of
these fish-habitat modeling efforts were generally promising in their potential application to current
management efforts and for the development of future studies. However, there are some caveats and
limitations that should be considered (Appendix H, Section 2.2). For example, it is important to
recognize that predictive distribution models estimate potential habitat suitability, rather than realized,
habitat suitability, which represents a more limited spatial area.

Biogenic habitat modeling techniques have typically been developed for data—rich, terrestrial systems.
However, recent increases in the quality and quantity of physical and biological seafloor data have
supported development and application of these models in marine benthic systems. Off the West Coast,
biogenic habitat modeling recently has been used to predict distribution and abundance patterns of
structure—forming marine invertebrates (SFMI) (e.g., corals, sponges). SFMI have received considerable
scientific attention because of their potential role as EFH for groundfishes and because they are generally
vulnerable to human impacts.

Biogenic habitat modeling efforts relevant to the West Coast are less than 10 years old, but interest is
growing and the field is rapidly advancing. At least six research efforts have utilized models to predict
coral distributions on a coastwide or global scale, using coarse taxonomic categories and presence—only
data (e.g., Clark et al. 2006; Bryan and Metaxas 2007; Tittensor et al. 2009). However, three regional
studies incorporating presence—absence data and more specific taxonomic categories recently have been
conducted (Graham et al. 2010; Etherington et al. 2011; Krisgman et al. 2012). Modeling techniques may
provide the best available estimates of distribution, abundance, and habitat characteristics for SFMI, at
least until more empirical data become available. However, many limitations and challenges exist that
may impact the accuracy of model results, including: highly correlated and potentially incomplete
environmental variables, the selection of appropriate spatial and temporal resolutions, and limited
distribution and abundance data for SFMI (Appendix H, Section 2.3). Therefore, careful consideration
should be taken when using modeling results for management and conservation purposes, especially those
derived from presence—only models.

3.4.1.2 Ecopath/Ecosim Models

Ecopath, typically coupled with the dynamic companion model Ecosim, has become the standard for
trophodynamic modeling not only off the West Coast but also throughout the world’s marine and
freshwater regions. Ecopath is a static (typically steady-state) mass balance model of trophic structure
that integrates information from diet composition studies, bioenergetics models, fisheries statistics,
biomass surveys, and stock—assessments (Field 2004). It represents the initial or reference state of a food
web. Ecosim is a dynamic model in which biomass pools and vital rates change through time in response
to simulated perturbations. Different species or functional groups are represented in Ecopath as biomass
pools with their relative sizes regulated by gains (consumption, production, immigration) and losses
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(mortality, emigration). Biomass pools are typically linked by predation, though in some cases
reproduction and maturation information is also included. Fisheries act as super—predators, removing
biomass from the system. The Ecopath model framework allows investigators to evaluate how well
conventional wisdom about a system of interest holds when basic bookkeeping tools are applied, to pool
together species and into a coherent food web, and to evaluate trophic interactions (Field 2004). The
combined model allows users to simulate ecological or management scenarios, such as the response of the
system to changes in primary productivity, habitat availability, climate change, or fishing intensity
(Harvey et al. 2010). Off the West Coast, the Ecopath model has been used to investigate the trophic role
of large jellyfish in the Oregon inner—shelf ecosystem (Ruzicka et al. 2007), and the combined
Ecopath/Ecosim model has been used to evaluate dynamic food web structure in the Northern California
Current (NCC) (Field 2004) and Puget Sound (Harvey et al. 2010). These modeling efforts provided
important information for an improved understanding of ecosystem dynamics. However, a lack of
adequate data is the most pervasive limitation of food web models, which results in many unknown or
generally estimated input parameters.

3.4.1.3 Atlantis Model

The primary tool used in integrated ecosystem modeling (especially in Australia and the United States) is
the Atlantis Model (Fulton et al. 2004). Although it was originally focused on biophysical and fisheries
aspects of an ecosystem, Atlantis has been further developed to consider all parts of marine ecosystems
(i.e., biophysical, economic and social). All integrated ecosystem models require massive data inputs and
must therefore strike a balance between simplicity and complexity, or tractability and realism. The
systematic exploration of the optimum level of model complexity is one of the key strengths of the
Atlantis Model. It can be used to identify which aspects of spatial and temporal resolution, functional
group aggregation, and representation of ecological processes are vital to model performance. The
Atlantis modeling approach primarily has been used to address fisheries management questions, but
increasingly is being implemented to consider other facets of marine ecosystem use and function (CSIRO
2011). Off the West Coast, the Atlantis framework was recently used to construct a preliminary spatially
explicit ecosystem model of the NCC (Horne et al. 2010), and is a fundamental tool in use by the
Integrated Ecosystem Assessment Team to meet the goals of the Ecosystem Plan Development Team.
Field’s (2004) food web model (Ecopath) was incorporated as the foundation for model creation, building
on prior results and parameterization. The NCC Atlantis Model is currently being refined and expanded
by the Integrated Ecosystem Assessment Team. Once complete, it is expected to be a powerful
management tool, providing a platform to address important hypotheses relating to the effects of
perturbations (e.g., fisheries exploitation), characterize the potential trade-offs of management
alternatives, and test the utility of ecosystem indicators for long—term monitoring programs (Horne et al.
2010). Ultimately, the model should have substantial utility in identifying which policies and methods
have the most potential to inform ecosystem—based management on the U.S. West Coast.

3.4.1.4 Summary

Modeling efforts are being developed to meet NOAA’s overall management goals and to specifically
inform policy decisions regarding the determination and designation of EFH. These efforts have
advanced substantially since the Amendment 19 process. Although the construction and application of
spatially explicit, trophodynamic, and integrated ecosystem models mainly have been prompted by
management needs, recent modeling studies have been facilitated by a considerable increase in the
amount of available input data. Long—term NMFS surveys are an important source of biological data on
species occurrence, biomass, and population changes. However, rapid advances in the collection and
quality of seafloor acoustic data are the main drivers of contemporary modeling efforts in the marine
demersal environment.
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Recent advancements aside, the greatest limitation to the success of current and future modeling efforts
remains the quantity and quality of input data for the West Coast marine region. The accuracy and
consistency of model outputs are directly contingent on the input data that are used. When input data are
sparse, generalized, or interpolated, model results should be viewed skeptically. Data limitation is an
unfortunate consequence of modeling in marine environments, but its effects can be mitigated. A key
element when dealing with limited data inputs is to formulate appropriate objectives and hypotheses.
This practice will produce more reliable results even if the scope of the study must be limited. In addition,
model construction can serve as a gap analysis to identify data limitations and inform future research
needs and priorities. As data gaps are identified and filled, model results will become more robust and
have increased utility for ecosystem understanding, management strategy evaluation, and policy
formation.

3.5 Habitat Use Database

The Habitat Use Database (HUD) was developed byNMFS NWFSC scientists as part of the 2005 Pacific
Coast Groundfish Essential Fish Habitat Environmental Impact Statement (EFH EIS) (NMFS 2005).
Specifically, the HUD was designed to address the need for habitat-use analysis supporting groundfish
EFH, HAPCs, and fishing and non-fishing impacts components of the EFH EIS. The 2005 database
captured information on habitat use by Pacific Coast groundfishes covered under the FMP as documented
in the updated life history descriptions found in Appendix B.2 of the EFH Final EIS, (NMFS 2005). The
groundfish life history descriptions are the product of a literature review that collected and organized
information on the range, habitat, migrations and movements, reproduction, growth and development, and
trophic interactions for each of the FMU species by life stage.

Thus, the scope of the 2005 HUD was narrow and specific, well integrated with the EFH EIS, and
provided a flexible and logically structured information base. The HUD was implemented during the
Pacific Coast Groundfish EFH EIS by providing habitat preference and species distribution information to
the HSP model (PFMC 2011a) for a subset of FMP species where catch or fishery independent data was
insufficient for modeling. That is, fishery independent survey data (WCGBTS) was used preferentially
for HSP modeling when possible.

After the 2005 EFH EIS was published, the NWFSC placed selected HUD tables and summary database
“views” online through the Pacific Coast Ocean Observing System (PaCOOS) West Coast Habitat Server
(deployed in Jan. 2006). The PaCOOS site provides OPeNDAP (a framework and software solution for
scientific data networking) access to live database tables served from NWFSC. PaCOOS also provides a
web map interface to the HUD through its spatial query tool. In addition to providing wide public access
to the HUD through PaCOOS the NWFSC also made data updates and amendments, platform changes,
and taxonomic additions to the database over the period from 2006 to present. The 2011 HUD now
includes species other than FMP species, specifically species identified under Oregon’s Nearshore
Strategy (Don et al., 2006). Additionally, a HUD workshop team at OSU identified important benthic
invertebrate species that represented a key taxonomic gap in the HUD. This list of candidate benthic
invertebrate species awaits further development of habitat associations, range, and distribution
information before incorporation into the HUD.

Despite open and public access to the HUD it is not in wide use for research or management purposes
outside of the PaCOOS implementation or the current EFH 5-Year Review. Although the HUD has
undergone growth in taxonomic richness over the past five years, one potential reason the HUD has not
seen much application in Integrated Ecosystem Management or Marine Spatial Planning yet is that the
database remains FMP species centric and is summary in nature. Conventional deterministic modeling
techniques use presence/absence, abundance, and density inputs, and are not well matched to this
summary format. Renewed development of a probabilistic, Bayesian Network model for Pacific Coast
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groundfish habitat suitability by the Oregon State Active Tectonics and Seafloor Mapping Lab is helping
to maintain the HUD (Chris Romsos, Oregon State University, pers. comm., Feb. 10, 2012).

3.5.1 Data Structure and Software Platform

The HUD was originally developed as a Microsoft Access® relational database application by MRAG
Americas Inc. consultants to the 2005 EFH EIS. The 2005 Microsoft Access® HUD was a complete
database package and included forms for data entry, stored procedures to check database and referential
integrity, and a reference document. The MS Access database format also provided a Graphical User
Interface to the database thus allowing fisheries research scientists to build and maintain the database. In
2006, the database was migrated to an Oracle® enterprise class database to better support public access
and the internet application needs of the PaCOOS West Coast Habitat Server. This platform migration
provided a more stable technology stack to build web applications upon, but also moved management and
maintenance out of the hands of fisheries research staff and under the control of IT and Database
Administrator staff at the NWFSC. Regrettably, this change has made it more difficult for fisheries
scientists to interact with the database by including additional layers of management and technical
complexity.

Despite the somewhat higher technical and administrative walls around the HUD, the underlying data
structure of the 2005 HUD remains intact in the current installation (Bob Gref, NMFS NWFSC pers.
comm., Aug. 29, 2011). Entity Attribute Relationship diagrams from both the 2005 and 2011 databases
(Appendix I-1, Figures 1-1.1 and 1-1.2) show that the original structure of 24 tables and attributes have
been maintained through the software platform migration. Appendix I-1 Table I-1.1 provides a listing
and a short description of each HUD table.

3.5.2 Comparing the 2005 and 2011 HUD

The 2005 HUD was designed and constructed to keep data redundancy to a minimum. Information about
habitat preference and use by species is broken down into tables (relations) of entities and unique
attributes. Taken together these relations provide a platform for developing interrelated lines of analysis
in the HUD (NMFS 2005). However, this computing structure can obfuscate, making it difficult to
accurately describe what’s inside the database. For example, a simple query of the species table yields
total species counts (species richness), but no other information about the level of completeness for the
habitat associations underlying each record. The query must be further specified by including additional
tables to understand the extent of information in the HUD. Therefore, in contrasting the 2005 and 2011
HUD, we describe the HUD in terms of both its scope (number of taxa recorded) and its extent
(completeness of related data).

3.5.2.1 The 2005 HUD: Scope and Extent

As previously stated, the 2005 HUD was developed from the Groundfish Life History Descriptions which
was a revision of life history descriptions completed in 1998 (Casillas et al. 1998). The Pacific Coast
groundfish taxonomic richness of the 2005 HUD included 87 species of groundfish, all 82 2005 FMU
species plus five species soon to be included as Pacific Coast groundfish under the FMP (Appendix 1-2
Table 1-2.1). In addition to these 87 groundfish species, the 2005 HUD included 24 species identified as
groundfish predators, 73 species identified as groundfish prey, two species identified as both groundfish
predators and prey, and seven ungrouped species. Total species richness of the 2005 HUD was 193
species.

Only 81 of the 193 species in the 2005 HUD have corresponding habitat preference and distribution
information (Table B.2). None of the non-groundfish species (i.e. predators, prey, predator and prey, or
ungrouped species) have habitat preference or association information. This is, however, an expected
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level of completion, because the 2005 HUD was developed from the Updated Life History Documents
covering only FMU species. It is therefore not surprising that any of the other species groups are
incomplete in terms of habitat association or distribution information because there had not been any
formal review of predator or prey life histories in Amendment 19.

In addition to providing an accounting of groundfish range and habitat preferences, the HUD was also
designed to record information about groundfish prey items and about groundfish as prey. The source of
prey information is the Groundfish Life History Descriptions found in Appendix B.2 of the EFH Final
EIS (NMFS 2005) and the groundfish FMP (PFMC 2011a). HUD predator and prey tables were not
intended to be comprehensive for West Coast marine communities at the time the HUD was created, but
they provide a flexible database framework to build this knowledge upon now.

The HUD records any unique combination of Predator, Predator Gender, Predator Lifestage, Prey, Prey
Gender, Prey Lifestage, and the Habitat Type where predation occurs as a row in the Prey (groundfish as
predators) or Predators (groundfish as prey) tables. There are 1,348 records of groundfish as predators
and 510 accounts of groundfish as prey in the 2005 HUD. Records occur in one of the two HUD
predation tables and correspond to any account of predation noted from the literature during the review.
It was not known if all accounts of predation were uniformly reported or if efforts were made to
standardize the taxonomic reporting level across the body of work. For this reason it is important to
understand that this accounting of groundfish predation in the HUD should be considered developmental
and not comprehensive.

Appendix 1-2, Table 1-2.3 shows prey items for groundfish adults, juveniles, and larvae illustrating the
application cautions noted above. Non-uniform taxonomic groupings were found throughout the Predator
and Prey tables. For example, a dark grey color is used to highlight the mixed reporting level for fish in
the Adult Groundfish Prey group. Despite this limitation, the prey tables in Appendix 1-2 do reveal
general and important prey item differences across groundifsh developmental stages. The top 10 prey
items occurring most frequently in the literature have been shaded light grey showing that adult
groundfish feed on higher trophic level prey while the earlier developmental stage groundfish are feed on
lower trophic level planktonic prey. Further review of the predator and prey tables within the HUD is
needed to determine their application for identifying EFH.

3.5.2.2 The 2011 HUD: Scope and Extent

The first additions to the HUD, post 2005 EFH EIS, were to increase the Pacific Coast groundfish species
count from 82 to 91 by adding the additional four new FMP groundfish species: Sebastes phillipsi
(chameleon rockfish), Sebastes lentiginosus (freckled rockfish), Sebastes semicinctus (halfbanded
rockfish), Sebastes simulator (pinkrose rockfish), Sebastes rufinanus (dwarf-red rockfish), Sebastes
emphaesus (Puget Sound rockfish), Sebastes melanosema (semaphore rockfish), Sebastes wilsoni (pygmy
rockfish), Sebastes melanosema (semaphore rockfish), and Sebastes ensifer (swordspine rockfish).
Subsequently, four other coastal pelagic species and their life history information (habitat, depth, and
latitude associations) were added: Clupea pallasii (Pacific herring), Engraulis mordax (Northern
anchovy), Loligo opalescens (market squid), and Sardinops sagax (Pacific sardine).

The ODFW Oregon Nearshore Strategy (ODFW, 2006) provided summary habitat associations with
various species, but lacked distribution information or indexed references for the associations. In 2007,
the PaCOOS West Coast Habitat Server development team (now informally overseeing the HUD)
identified these species as important for diversifying the HUD. The addition of these species addressed
obvious taxonomic gaps in the HUD and enhances the potential uses of the HUD, specifically as a tool
suitable for applications in ecosystem assessment or marine spatial planning. The life history information
for these species was formally reviewed by NWFSC staff before being added to the HUD. Distribution
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information was developed from the literature and references for habitat associations were collected
during this review.

This update created three new levels within the “Plans” table of the HUD and provided 247 potential new
species records to the HUD. However, many of the species from the Oregon Nearshore Strategy
(Appendix 1-3) were already accounted for in the HUD under the Pacific Coast Groundfish FMP, the
Coastal Pelagic Species FMP, or Predator groupings, creating significant species overlap among plans in
the HUD. Ultimately, 126 new species from the potential list of 247 species were added to the HUD as
new species records (Appendix I-2). Therefore, in summary the taxonomic richness or “Scope” of the
2011 HUD grew from 193 to 323 with the addition of the four new FMP Groundfish, the four coastal
pelagic species, and the 126 Oregon Nearshore Plan species (Appendix I-3; note the loss of four predator
species in the 2011 HUD).

The species group by life stage summaries presented in Appendix I-2 Tables I-2.5a-d and 1-2.6a-d provide
glimpses into the “Extent” or level of life history completeness of the current 2011 HUD. The tables
presented under 1-2.5 describe the level of habitat association completeness while the 1-2.6 tables describe
the distribution (Latitude & Depth Range) completeness. In general, adult life stage has the highest level
of HUD completeness; 213 of 323 adult life stage species have habitat distribution information and 148 of
323 adult life stage species have latitude and depth distribution information. Juvenile life stage species
have 80 species with habitat associations and 80 species with distribution information. Larvae and egg
life stages have 65 and 26 species with habitat associations and 65 and 26 species with distribution
information respectively. Thus, level of completeness in the HUD increases with each successive level of
development.

Findings for adult life stages (Appendix 1-2 Tables 1-2.5a and 1-2.6a) show that FMP species have
complete habitat association and distribution information. There remains no habitat association or
distribution information for predator or prey species groups in the 2011 HUD (unchanged from 2005).
Oregon Nearshore Strategy species (Appendix 1-3) have a high level of completeness across Habitat
Association and Distribution domains with the exception of Commonly Associated List species, which
has no available distribution information (Appendix I-2 Table 1-2.5a).

3.5.3 Using the HUD with Geographic Information Systems (GIS)

The HUD stores spatial information in the OCCURRENCE (Habitat Associations) and
SPECIESLIFESTAGE (Depth, Latitude, Temperature, and Oxygen, requirements and preferences) tables.
Latitude and depth preferences and requirements can be readily mapped over bathymetry within a GIS.
Therefore, both latitude and depth may be used to define range envelopes for any species with complete
distribution information in the database. Habitat Association information on the other hand is much more
difficult to map because HUD habitat codes (PLACETIME IDs) are unique and do not conform to any
geographic habitat mapping standard or scheme in use today.

A “crosswalk” table has been developed for the 2005 EFH EIS HSP modeling effort so that HUD
PLACETIME habitat codes could be matched to codes from the Washington, Oregon, and California
seafloor habitat maps (MRAG, 2005). This matching allows for a specific Habitat Association to be
mapped spatially over a seafloor habitat map.

The nature of the relationships between HUD codes and the seafloor habitat codes is many-to-many.
However, because the Access database does not support many-to-many relationships, a one-to-one
crosswalk table is implemented (Appendix 1-4). Note that despite the one-to-one table format, the
crosswalk table maintains the many-to-many relationship. In 2005, 24 unique HUD PLACETIME codes
were mapped to 36 unique seafloor habitat codes in 59 one-to-one relations.
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The crosswalk table has undergone several updates since 2005. The first update was prompted when the
PaCOOS West Coast Habitat Portal was published. The portal includes a tool to lookup species given a
geographic map selection. To accommodate this lookup the crosswalk table had to be improved so that
each seafloor habitat type from the Oregon and Washington Version 2 SGH map was accounted for in the
crosswalk table. The crosswalk table has also been updated each time a new habitat map version was
released. Currently the crosswalk has grown to include 108 unique seafloor habitat codes (from Oregon
and Washington SGH Map Version 3.2 and the original California regional habitat map) and 116 unique
HUD codes in 639 one-to-one relations (Appendix I-5).

3.5.4 Pending Updates

On May 6™, 2009 a HUD workshop was held at Oregon State University. The purpose of the workshop
was to gather marine scientists from State, Federal, and Academic sectors and local Oregon fishermen,
review the content of the HUD, identify possible taxonomic gaps, and examine the geographic lookup
capabilities of the PaCOOS tool. The exercise was carried out in a “live” format by running spatial range
and habitat queries against the HUD (over known habitats and familiar fishing grounds) and examining
the species, life stage, and association level outputs against the experiential knowledge base gathered for
the meeting. Comments were collected and summarized in the meeting report (Romsos 2009).

This meeting provided the first HUD review external to the EFH EIS process and was productive in terms
of identifying taxonomic gaps and also for developing a set of improvement objectives. Alan Shanks and
Brian Tissot noted the low diversity of plant and invertebrate species in the HUD. To remedy this, Alan
and Brian provided a list of common invertebrates that should be included in the HUD (Shanks and
Tissot, Appendix F). The invertebrate list is not comprehensive, but is meant to provide a minimum
accounting of invertebrate species that could be used as indicator species. This list has yet to be added to
the HUD; additional work to identify species distributions, habitat associations, preferences, and
reference indexing remains to be completed before the species can be included in the HUD.
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4.0 FISHING ACTIVITIES THAT MAY AFFECT EFH

The MSA requires FMCs for each FMP to identify fishing activities that may adversely affect EFH and to
minimize adverse effects of those activities to the extent practicable. Fishing activities should include
those regulated under the Pacific Coast Groundfish FMP that affect EFH identified under any FMPs, as
well as those fishing activities regulated under other FMPs that affect EFH designated under the Pacific
Coast Groundfish FMP.

The most common and direct effect of fishing on groundfish EFH results from fishing gear coming in
contact with bottom habitats. Fishing gears can cause physical harm to corals, sponges, rocky reefs,
sandy ocean floor, eelgrass beds, and other components of seafloor habitats.

A variety of fishing and other vessels can be found in estuaries, and the marine environment of the Pacific
Coast. Vessel size ranges from small single-person vessels used in streams and estuaries, to mid-size
commercial or recreational vessels, to large-scale vessels limited to deep-draft harbors and marine waters.

Fishing vessels can adversely affect EFH by affecting physical, chemical, or biological componentss.
Physical effects can include physical contact with propeller wash in eelgrass beds (estuaries). Derelict,
sunk, or abandoned vessels can cause physical damage to any bottom habitat.

Chemical effects from fishing activities could derive from anti-fouling paint, oil or gas spills, bilge waste,
or other potential contaminants associated with commercial or recreational vessels operating in
freshwater, estuaries, or the marine environment.

Biological effects include introducing invasive species from bilge waters in fishing vessels that can
disrupt communities upon which managed fish species rely.

4.1 Fishing Effects on EFH by Gear Type

Fishing gear used in groundfish fisheries that have the potential to adversely affect EFH for Pacific Coast
groundfish are shown in Table 8. These include fishing activities not managed under the MSA that may
adversely affect groundfish EFH.
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Table 8. Gear Types Used in the West Coast Groundfish Fisheries.”

Trawl and Other Net

Longline, Pot, Hook and Line

Other

Limited Entry Fishery
(commercial)

Open Access Fishery
Directed Fishery
(commercial)

Open Access Fishery
Incidental Fishery
(commercial)

Tribal

Recreational

Bottom trawl
Mid-water trawl
Whiting trawl
Scottish seine

Set gillnet
Sculpin trawl

Exempted trawl

(pink shrimp, spot and ridgeback
prawn, CA halibut, sea cucumber)
Setnet

Driftnet

Purse seine (round haul net)

as above

Dip net, Throw net (within 3 miles)

Pot
Bottom Longline

Pot

Bottom Longline
Vertical hook/line
Rod/reel
Troll/dinglebar
Jig

Drifted (fly gear)
Stick

Pot (Dungeness crab, CA
sheephead, spot prawn)
Bottom Longline

Rod/reel

Troll

As above

Hook and line methods

Dive (spear)

Dive (with hook and
line)

Poke pole

As above

Dive (spear)

Pots (within 3 milesfrom shore),
private boat, commercial passenger
vessel

Adapted from Goen and Hastie (2002). Most fishing gear used to target non-groundfish species (such as salmon, shrimp, prawns,
scallops, crabs, sea urchins, sea cucumbers, California and Pacific Halibut, herring, market squid, tunas, and other coastal pelagic
and highly migratory species) are similar to those used to target groundfish. These gears include trawls, trolls, traps or pots,
longlines, hook and line, jig, set net, and trammel nets. Other gear that may be used includes seine nets, brush weirs, and
mechanical collecting methods used to harvest kelp and sea urchins.

4.1.1 Bottom Trawling

Bottom trawling activity is conducted primarily by the West Coast groundfish fishery, harvesting over 90
species. Bottom trawling is managed under biennial specifications and includes a complicated matrix of
sectors, seasons, and spatial limitations. There are many areas closed to bottom contact gear, including
bottom trawling, many based on the designated HAPCs in the groundfish FMP EFH designations.
(PFMC 2011a).

Appendix C to the Pacific Coast Groundfish FMP (PFMC 2011a) presents a risk assessment framework,
including a sensitivity index and recovery rates for a variety of groundfish habitats. Impacts of bottom
trawling to physical and biogenic habitats include removal of vegetation, corals, and sponges that may
provide structure for prey species; disturbance of sediments; and possible alteration of physical
formations such as boulders and rocky reef formations (PFMC 2011a).

4.1.2 Mid-Water Trawling

Mid-water trawls are used to harvest Pacific whiting, shrimp, and other species (PFMC 2011a). Like
bottom trawling, it is managed under the Pacific groundfish FMP. Effects are generally limited to the
effects of (1) removal of prey species, (2) direct removal of adult and juvenile groundfish, (3) occasional,
usually unintentional, contact with the bottom (Devit 2011), and (4) effects resulting from loss of trawl
gear, potentially resulting in impacts to bottom habitats and ghost fishing.
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4.1.3 Bottom Long Line

Pelagic and bottom long-line fishing in the marine environment is prevalent on the Pacific Coast. Pelagic
long-lining targets chiefly tuna and swordfish, while bottom long lining targets halibut, sablefish, and
other species. Both types of long lining can incidentally harvest managed species as well as prey species.
If long-line gear breaks loose and is lost, it can continue ghost fishing and potentially harm bottom habitat
(see Derelict gear section).

4.1.4 Potand Trap Gear

This gear type is dominated by commercial and recreational crab fisheries prevalent in estuaries and the
marine environment along the entire West Coast. Lobster traps are used in California, but not typically
north of the central California coast. To a lesser extent, pot gear is used in the sablefish fishery (NWFSC
2009).

Pot and trap gear can adversely affect EFH by smothering estuarine eelgrass beds and other
marine/estuarine benthic habitats such as cobble and vegetated surfaces utilized by groundfish and can
distrub biogenic habitat. Although typically placed in areas of sandy bottom, gear can also be deployed in
areas of rocky habitat and may be dragged across the benthos by strong tidal or ocean currents. Lost trap
and pot gear also can affect EFH and is discussed below under derelict gear.

4.1.5 Roundhaul Gear

Fisheries for coastal pelagic and highly migratory species use purse seines, lampara nets, dip nets, and
drum seines to target Pacific sardine, northern anchovy, Pacific mackerel, jack mackerel, market squid,
and tuna. Most tuna fishing occurs in the western and central Pacific, and tropical eastern Pacific.
However, tuna are highly migratory and are present off the U.S. West Coast. They are therefore included
in this consideration of habitat impacts from fishing activities.

Roundhaul gear can affect EFH through managed harvest of species that are prey for Pacific groundfish,
as well as for other managed species. It can also affect squid EFH if nets are allowed to contact the
benthos of squid spawning areas.

4.1.6 Derelict Commercial Gear

When gear associated with commercial or recreational fishing breaks free, is abandoned, or becomes
otherwise lost in the aquatic environment, it becomes derelict gear. This phenomenon occurs in fishing
activities managed under all four Pacific Coast FMPs, as well as recreational fishing and fishing activities
not managed by the Council. In commercial fisheries, trawl nets, long lines, purse seines, crab and lobster
pots, and other material, are occasionally lost to the aquatic environment. Recreational fisheries also
contribute to the problem, mostly from lost crab pots and other fishing gear.

Derelict fishing gear, as with other types of marine debris, can directly affect groundfish habitat and can
directly affect managed species via “ghost fishing.” Ghost fishing is included here as an impact to EFH
because the presence of marine debris affects the physical, chemical, or biological properties of EFH. For
example, once plastics enter the water column, they contribute to the properties of the water. If debris is
ingested by fish, it would likely cause harm to the individual. Another example is in the case of a lost net
that becomes not only a potential barrier to fish passage, but also a more immediate entanglement threat
to individual fish.

Along the Pacific Coast, Dungeness crab pots are especially prevalent as derelict gear (NWSI 2010).
Commercial pots are required to use degradable cord that allows the trap lid to open after some time.
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This is thought to significantly reduce the effects of ghost fishing. There was no reliable information
regarding the numbers or impacts of lost recreational derelict crab pots.

Derelict gear can adversely affect groundfish EFH directly by such means as physical harm to eelgrass
beds or other estuarine benthic habitats; harm to coral and sponge habitats or rocky reefs in the marine
environment; and by simply occupying space that would otherwise be available to support managed
species. Derelict gear also causes direct harm to groundfish (and potentially prey species) by
entanglement. Once derelict gear becomes a part of the aquatic environment, it affects the utility of the
habitat in terms of passive use and passage to adjacent habitats. More specifically, if a derelict net is in
the path of a migrating fish, that net can entangle and kill the individual fish.

In Puget Sound, derelict fishing nets (primarily gillnets) as well as lost crab traps constitute a significant
problem. And estimated 2,493 lost nets were removed recently during 18 months of a project funded
under the American Recovery and Reinvestment Act. The Northwest Straits Initiative estimates that
these nets were entangling 1.5 million animals annually. The nets are typically made from non-
degradable nylon or plastic monofilament and persist in the aquatic environment for years (NWSI 2010).
Hundreds of crab pots have also been removed (NWSI 2010).

4.2 Fishing Effects on EFH by Habitat Type

The degree of impact that affects a habitat is dependent upon several conditions including the inherent
dynamics (dynamic vs. static), history of disturbances (disturbed vs. non-disturbed), and recovery of
fished habitats and the relationships of adjoining habitats.

4.2.1 Dynamic Habitats

Dynamic seafloor conditions generally consist of soft, unconsolidated sediment that migrates across the
seafloor and is mobilized by bottom currents. Submarine bedforms such as dunes, mobile sand sheets,
sediment waves and ripples are the common habitat types that represent dynamic bottom conditions.
These features may be foraging habitats for groundfish and long-term disturbances may disrupt habitation
of prey species. Chronic or severe impacts may reduce the abundance of some prey species, such as
Pacific Sand Lance (Ammodytes hexapterus), whereas they may make others more available to
groundfishes through suspension (e.g., epifauna) or exposure (e.g., infauna). Some soft, unconsolidated
habitats, especially those that have resulted from rising sea level during the early Holocene, may be relict
(static) at deeper depths (>30 m). By contrast, others in shallow water (<30m) may seasonally cover or
expose hard bedrock outcrops (dynamic). Hard gravel/pebble/cobble pavements, ridges, boulder fields,
and pinnacles are generally considered to be static habitats that only typically vary as a result of
punctuated, high energy events (e.g., geologic activity, tsunamis).

4.2.2 Disturbed Habitats

Historic and, to a lesser degree, contemporary fishing activities have been concentrated at specific areas
on the continental shelf and slope. This repetitive fishing activity disturbs the seafloor to various degrees
depending on gear types used. Most of the current trawling activities occur on soft, unconsolidated sand
and mud seafloor and adjacent to hard bedrock outcrops, whereas longlines, fish traps (or pots) and other
gear types are often also fished on hard-bottom regions.

4.2.3 Recovery of Habitats

Recovery of benthic habitats after disturbances occur is critical to the sustainability of a fishery. Many
habitats such as soft, unconsolidated, dynamic, sedimentary bedforms can recover rapidly (within days or
months) after disturbance, but it may take longer for the reoccupation of interstitial and other benthic
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organisms that make the seafloor a good foraging habitat. If a habitat is static then recovery after
disturbance may be long-term (years to decades). Attached and sessile biogenic habitats associated with
hard bedrock exposures may require considerable time to recover after fishing disturbance. Recovery
times of these organisms depend upon the extent of removal and damage, as well as growth and
recolonization rates.

4.2.4 Habitat Relationships

The degree of adverse impacts by fishing activities upon a benthic habitat is associated with the
concentration and abundances of diverse habitats at fishing grounds. In regions where a fishing ground is
homogenous and fairly extensive the impact may be low, while in regions of highly diverse benthic
habitats consisting of foraging and various bottom fish life stage habitats disturbances may be acute, as it
may interrupt feeding, predation avoidance, and reproduction activities of certain species.

4.3 Information on Habitat Effects of Fishing Gear

4.3.1 Information in the Groundfish FMP

As part of the Amendment 19 process, the Council issued an Impacts Model for Groundfish Essential
Fish Habitat (PFMC 2011a) in 2005, which was adapted from the Risk Assessment for the Pacific
Groundfish FMP (NMFS 2005). The Risk Assessment describes the EFH Model used to identify and
describe EFH, an Impacts Model developed to evaluate anthropogenic impacts to EFH, and a data gaps
analysis. Only two studies from the West Coast were found that had useful information for the analysis,
therefore the review relied on studies from the global literature based on similar gear and habitat
combinations as the West Coast. There was very little quantitative information describing the relationship
between habitat type, structure, and function and the productivity of managed fish species. In particular,
the level of information for most species-habitat associations remained at Level 1 as defined in the NMFS
EFH Final Rule Guidance. Appendix J has additional detail on the results of the Amendment 19 analyses.

4.3.2 New Information on Habitat Effects

Since 2005, there have been several new publications, including peer-reviewed literature, white papers
and technical memorandums, relevant to West Coast groundfish fisheries that have studied: 1) the effects
of fishing gear on benthic habitats; 2) predictive modeling of biogenic habitats; and 3) the effects of
fishing gear-related marine debris on habitats. An annotated bibliography of recent articles summarized
below is presented in Appendix J.

The recent studies on the effects of fishing gear on benthic habitats are primarily focused on the effects of
trawling. There have been several new studies off the West Coast of the contiguous U.S., Canada, and
Alaska that have focused on otter trawls in unconsolidated substrate including sand and mud that contain
biogenic habitat on the seafloor (Brown et al. 2005; De Marignac et al. 2008; Lindholm et al. 2008; Hixon
and Tissot 2007; Hannah et al. 2010). Additionally, general effects of fishing with mobile, bottom-contact
fishing gear (such as otter trawls) are increasingly well established through studies worldwide (Kaiser et
al. 2006). There was also at least one publication that discussed the effects of bottom longlines Baer et al.
2010). Relative to the information available in 2005 the new studies, including those performed on the
U.S. West Coast, found significant impacts of trawling on soft sediment habitats. Several of these
pubilcations have noted that little has been written about recovery of seafloor habitat from the effects of
fishing and that there is a lack of long-term studies, control sites, or research closures, which hinder the
ability to fully evaluate impacts; however, some control sites are now available for monitoring recovery
processes.
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Fujioka (2006) documented the impacts model used in the Alaska EFH process. This model offered
several advantages over the impacts model used in the Amendment 19 process. In particular the model
addressed spatial heterogeneity in trawl effort and habitat types and trawl intensity, using empirical trawl
effort data from the region.

Fujioka (2006) recommended using longer estimates of recovery time for hard corals, on the order of 100
years, and developmed a Long-term Effect Index (LEI), which calculated an estimate of the proportion of
each habitat type in each cell impacted over the long-term under current levels of effort. Tthe LEI results
for hard corals were typically greater than 50 percent even under low levels of trawl effort and that
substantial long-term impacts could occur to soft sediment habitats depending on trawl intensity. While
this approach employed a model with several underlying assumptions, it provided quantitative estimates
of fishing impacts in a spatially explicit manner, which would be a significant improvement over the
gualitative nature of the impacts model used in the Amendment 19 process.

Watters et al. (2010) provided the first quantitative assessment of marine debris and its impacts to the
seafloor in deep submarine canyons and continental shelf locations off California and the U.S. They
discerned only a few negative impacts to benthic organisms. Entanglement of fishes in other types of
debris was not observed. Some debris caused physical disturbance to habitats (including common
structure-forming macroinvertebrates) was observed. In another study Keller et al. (2010) documented
the composition and abundance of man-made, benthic marine debris at 1,347 randomly selected stations
along the U.S. West Coast during Groundfish Bottom Trawl Surveys in 2007 and 2008. Anthropogenic
debris was observed in 469 of 469 stations at depths of 55 to 1,280 m. Plastic and metallic debris occurred
in the greatest number of hauls followed by fabric and glass. Debris densities observed along the U.S.
West Coast were comparable to those seen elsewhere and provide a valuable backdrop for future
comparisons. Chiappone et al. (2005) found that less than 0.2 percent of the available invertebrates were
affected by lost hook-and-line fishing gear, even though this gear caused 84 percent of the documented
impacts (primarily tissue abrasion) to sponges and cnidarians. Debris was found to alter the seafloor by
providing artificial habitat to demersal organisms; the majority of the debris was colonized by encrusting
invertebrates.

4.4 Magnuson Act Fisheries Effects
4.4.1 Distribution of Commercial Fishing Effort

4.4.1.1 Bottom Trawl Effort

Figures in Appendix K-1 depict the spatial distribution of commercial bottom trawl effort within two time
periods: “Before” (1 Jan 2002 — 11 Jun 2006) and “After” (12 Jun 2006 — 31 Dec 2010) implementation
of Amendment 19 regulations. Each of the three coastal states administers a commercial logbook
program, for which records are uploaded to the PacFIN regional database. Database records were utilized
for commercial trips using bottom trawl gear types (e.g., “small” footrope, “large” footrope, flatfish,
selective flatfish, and roller trawl) regardless of fishery sector (e.g., limited entry, open access). Records
from the majority of state-managed traw! fisheries (e.g., pink shrimp, ridgeback prawn, sea urchin) are not
included in PacFIN and thus are not represented in the figures. Tows targeting one state-managed trawl
fishery — California halibut — are submitted to PacFIN and thus are included in the bottom trawl effort
summaries.

In order to analyze the effort data spatially, a straight line connecting the start and end points was used to
represent each tow event. Towlines intersecting land, outside the U.S. EEZ, deeper than 2,000 m, or with
a calculated straight-line speed greater than five knots were removed from the spatial analysis. Two
complimentary data products were created with these records: 1) an effort density layer that depicts the
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relative intensity of fishing effort within each time period, except areas where less than three vessels were
operating, and 2) an extent polygon that shows the gross spatial extent of effort.

The first data product, intensity, was calculated as the total length of all towlines intersecting a
standardized area. To calculate this metric, a line density algorithm in ArcGIS™ geographical
information system software (Environmental System Research Institute, Incorporated, Redlands,
California) was used. The line density algorithm calculates density within a circular search area (radius =
3 km) centered at a grid cell (size 500 m x 500 m). The value (units: km/km?) for each grid cell is the
guotient of total towline portions intersecting the circular area per grid cell area (Figure. 10). Since
density outputs are highly sensitive to the specified radius and cell size, the absolute values are less
important than the relative nature of them. The benefit of this output over depicting towlines themselves
is that the density output better identifies areas where fishing effort is concentrated, while still ensuring
confidentiality of individual fishing locations (e.g., Figure 15). The initial density output was more
spatially extensive than the one shown in Appendix K-1, because it included cells with density values
calculated from tows made by less than three vessels. Those “confidential” cells were removed for the
final published data product. Density parameters were chosen in order to minimize data exclusion (due to
confidentiality mandates) while still providing a fairly high spatial resolution (500 x 500 m). For the
bottom trawl effort maps, only 1.1 and 1.8 percent of all effort (i.e., length of towlines) was excluded
within a given time period, although the proportion varies considerably in certain areas along the coast
(Table 9).

The second data product, the extent polygon, was created using an algorithm known as a convex hull.
Convex hulls are a type of minimum extent polygon that forms an “envelope” around a group of points,
or in this case, straight lines representing tows (Figure 16). The algorithm can be applied at various
spatial scales. In this case, we grouped towlines into 0.5° latitude x 0.5° longitude blocks. The algorithm
was then applied to each set of towlines within each block. Finally, all convex hull polygons were
merged together for each time period. The resulting polygon encloses all towlines within each time
period (e.g., Figure 15). The best way to interpret this data product is that no bottom trawling occurred
outside of the extent polygon within a particular time period. In order to ensure that each extent polygon
encompasses towlines from at least three vessels, the result is an overestimation of the areas of seafloor
actually contacted by trawl gear. In fact, there are many areas within the extent polygon where no
trawling occurred; hence this product is only intended to represent the gross “footprint” of trawling for
each time period. However, there are several alternative approaches to determining the “footprint” of
fishing effort resulting in very different spatial extents and interpretations, such as identifying the
minimum area encompassing a certain percentage of all tows (e.g., Ban and Vincent 2009).

These spatial summaries of bottom trawl effort were developed from data represented only by start and
end points of tows. It is recognized that tows rarely follow straight-line paths; however, this was the best
information available on the spatial distribution of effort for vessels using bottom trawl gears. Because of
this limitation and due to prohibitions of trawling within state waters, representatives of the states of
Washington and California requested that any portions of the spatial summaries that intersect prohibited
state waters be removed. In addition, Washington requested that effort occurring within both state and
federal waters of the Salish Sea be removed since they felt that this information was incomplete and may
not be representative of fishing effort within those areas. However, NMFS General Counsel has advised
the EFHRC that there is not justification to limit access/display of these data from state waters so they are
included in the map products.

In order to evaluate how fishing effort has changed between the two time periods, the color ramps for the
intensity layers are scaled to the same range of values in each panel (e.g., Figure 15). Blue- (red-) shaded
areas represent the lowest (highest) relative effort in both time periods. The upper value in the map
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legends is the lowest “high” value between the time periods. It was necessary to set the color ramp to the
lowest “high” value in order for the colors in each panel to perfectly match and therefore be comparative.

Areas of high relative effort in the former time period are apparent off northern Washington (Appendix
K-1, Plate A2), in Monterey Bay, CA (Appendix K-1, Plate E3) and south of Los Angeles, CA (Appendix
K-1, Plate F4). In the recent time period, only one area in deeper waters off northern Washington
(Appendix K-1, Plate A2) shows up with relatively high bottom trawl effort. There are a number of areas
of medium to medium-high relative effort that show up in the map panels for both time periods. They are
distributed throughout the region over both the shelf and slope, often showing some persistence between
the two time periods.

A GIS project was constructed in ArcGIS™ geographical information system software (Environmental
System Research Institute, Incorporated, Redlands, California) in order to archive and display the
collected data files, and to create the map layouts from which the comparative maps were derived. This
project is currently available online at: http://efh-catalog.coas.oregonstate.edu/overview/
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Figure 15. Example of Appendix K-1 bottom trawl effort from commercial logbook records in the PacFIN regional database.
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Figure 16. Conceptual drawing of a convex hull of a set of points. Imagine a rubber band being
stretched around a set of points of lines. When the rubber band is released, the resulting shape is a
convex hull. Image source: http://en.wikipedia.org/wiki/File:ConvexHull.svg (3 Jun 2008).

Table 9. Summary of commercial bottom trawl effort (i.e., length of towlines [km]) both inside and outside of density
layer, summarized by degree of latitude and for two time periods: “before” (1 Jan 2002 — 11 Jun 2006) and “after” (12
Jun 2006 — 31 Dec 2010) implementation of Amendment 19 regulatory measures. The significance of this table is
that it shows total recorded effort within the fishery (Inside+Outside), plus amount within each degree of latitude not
represented in the fishing intensity layer (Outside), due to confidentiality considerations. Almost all recorded effort,
however, is still represented in the extent polygon. “NA” means no records of bottom trawl trips exist for that latitude
range and time period.

Inside + Outside Outside

Latitude Range BEFORE % Coast AFTER % Coast BEFORE AFTER
48 -49 83,719 8.3% 32,379 2.9% 1.0% 6.9%
47-48 87,351 8.7% 117,673 10.7% 0.5% 0.4%
46 - 47 106,758 10.6% 151,336 13.8% 0.1% 0.1%
45 - 46 87,864 8.7% 150,592 13.7% 0.8% 1.4%
44 - 45 57,119 5.7% 95,984 8.7% 1.1% 0.5%
43-44 58,631 5.8% 105,058 9.6% 1.7% 0.5%
42-43 57,289 5.7% 61,419 5.6% 2.1% 3.1%
41-42 93,191 9.2% 94,557 8.6% 0.1% 0.2%
40 -41 72,037 7.1% 79,091 7.2% 0.2% 0.2%
39 - 40 50,802 5.0% 41,962 3.8% 0.4% 0.5%
38 -39 38,028 3.8% 31,016 2.8% 1.4% 1.6%
37-38 90,268 8.9% 69,626 6.3% 0.4% 1.9%
36-37 46,183 4.6% 20,613 1.9% 0.5% 12.0%
35-36 19,774 2.0% 4,880 0.4% 4.5% 58.8%
34-35 52,194 5.2% 39,560 3.6% 6.7% 9.4%
33-34 8,434 0.8% 2,022 0.2% 2.2% 4.6%
32-33 0 NA 0 NA NA NA
Coastwide 1,009,642 100.0% 1,097,767 100.0% 1.1% 1.8%
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4.4.1.2 Mid-Water Trawl Effort

Appendix K-2 Plates depict the spatial distribution of mid-water trawl effort within two time periods:
“Before” (1 Jan 2002 — 11 Jun 2006) and “After” (12 Jun 2006 — 31 Dec 2010) implementation of
Amendment 19 regulations. Records of mid-water trawl tows were compiled from two data sources: 1)
Logbook data originating from the state logbook programs and uploaded to the PacFIN regional database,
and 2) observer records from the ASHOP. These two data sources represent the shoreside and at-sea hake
fleets, respectively. Included in the ASHOP data are observations of tribal fishing in the at-sea hake
sector.

In order to analyze the effort data spatially, a straight line connecting the start and end points was used to
represent each tow event. Towlines intersecting land, outside the EEZ, deeper than 2,000 m, or with a
calculated straight-line distance greater than 20 km were removed from the spatial analysis. Because of
their patchy spatial distributions, towlines for mid-water trawls occurring south of Cape Mendocino were
removed from the analysis at the request of the state of California. Similar to the bottom trawl effort
maps, two complimentary data products were created with these towlines: 1) an effort density layer that
depicts the relative intensity of fishing effort within each time period, except areas where less than three
vessels were operating, and 2) an extent polygon that shows the gross extent of effort. Please refer to the
description of methods used to create the bottom trawl effort Plates (Section 4.4.1.1), as they were very
similar to the methods used for the mid-water trawl plates. The initial density output was more spatially
extensive than the one shown in the Plates because it included cells with density values calculated from
tows made by less than three vessels. For the published layer, grid cells were removed where tows from
less than three vessels intersected the circular search area. These “confidential” cells only represent 1.6
and 3.1 percent of all towlines within a given time period, although the proportion varies considerably in
certain areas along the coast (Table 10).

Similar to the bottom trawl effort figures, these spatial summaries of mid-water trawl effort were
developed from data represented only by start and end points of tows. It is recognized that tows rarely
follow straight-line paths; however, this was the best information available on the spatial distribution of
effort for vessels using mid-water trawl gears. Because of their patchy spatial distributions, towlines for
mid-water trawls occurring south of Cape Mendocino were removed from the analysis at the request of
the state of California.

AppendixK-2 Plates show areas of high relative effort in the before time period are apparent off northern
Washington and central and southern Oregon. In the after time period, areas of high relative effort show
up again off northern Washington, off south-central Oregon, and near the Oregon-California maritime
border (e.g., Figure 17, Plate A2). There are a number of areas of medium to medium-high relative effort
that show up in the map panels for both time periods, but appear more widespread in the recent period.
Those areas show little spatial consistency between the two time periods, possibly due to the migratory
nature of the target species.
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Table 10.

Summary of commercial mid-water trawl effort (i.e., length of towlines [km]) both inside and outside

of density layer, summarized by degree of latitude and for two time periods: “before” (1 Jan 2002 — 11 Jun 2006) and
“after” (12 Jun 2006 — 31 Dec 2010) implementation of Amendment 19 regulatory measures. The significance of this
table is that it shows total recorded effort within the fishery, plus amount within each degree of latitude not
represented in the fishing intensity layer, due to confidentiality considerations. Most recorded effort, however, is still
represented in the extent polygon (see below for exception). “NA” means no records of mid-water trawl trips exist for
that latitude range and time period.

Inside + Outside Outside

Latitude Range BEFORE % Coast AFTER % Coast BEFORE AFTER
48 -49 15,366 13.1% 11,160 6.7% 2.3% 5.4%
47 - 48 8,625 7.3% 32,584 19.4% 3.7% 1.6%
46 - 47 11,750 10.0% 30,904 18.4% 2.0% 0.7%
45 - 46 17,278 14.7% 25,151 15.0% 5.3% 1.1%
44 - 45 30,189 25.7% 25,320 15.1% 0.6% 0.9%
43-44 18,504 15.7% 25,006 14.9% 1.0% 0.7%
42-43 12,143 10.3% 13,081 7.8% 3.9% 0.9%
41-42 1,240 1.1% 3,014 1.8% 9.4% 1.3%
40-41 1,767 1.5% 872 0.5% 5.3% 7.9%
39-40 8 0.0% 126 0.1% 100.0%* 100.0%*
38-39 70 0.1% NA NA 100.0%* NA
37-38 466 0.4% NA NA 100.0%* NA
36-37 32 0.0% NA NA 100.0%* NA
35-36 74 0.1% NA NA 100.0%* NA
34-35 87 0.1% 366 0.2% 100.0%* 100.0%*
33-34 NA NA NA NA NA NA
32-33 NA NA NA NA NA NA
Coastwide 117,598 100.0% 167,585 100.0% 3.1% 1.6%

* Denotes areas south of Cape Mendocino, CA (~40.5 deg. lat.) where effort data were removed from the analysis at the request of the state of

California.
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Figure 17. Example of Appendix K-2 mid-water trawl effort from commercial loghook records in the
PacFIN regional database.

A GIS project was constructed in ArcCatalog and ArcMap in order to archive and display the collected
data files, and to create the map layouts from which the comparative maps were derived. This project is
currently available online at: http://efh-catalog.coas.oregonstate.edu/overview/

4.4.1.3 Fixed Gear Effort

Appendix K-3 figures depict the spatial distribution of observed fixed gear effort within two time periods:
“Before” (1 Jan 2002 — 11 Jun 2006) and “After” (12 Jun 2006 — 31 Dec 2010) implementation of
Amendment 19 regulations. Records of fixed gear fishing locations were compiled from one source:
observer records from the West Coast Groundfish Observer Program (WCGOP database. The WCGOP
database includes records of trips for vessels participating in the following sectors: limited entry
sablefish-endorsed primary season, limited entry non-sablefish endorsed, open access fixed gear, Oregon
and California nearshore. Annual WCGOP coverage of fixed gear sectors can be found online at:
http://www.nwfsc.noaa.gov/research/divisions/fram/observer/sector_products.cfm.  Since all fishing
operations are not observed, neither the maps nor the data can be used to characterize the fishery
completely. We urge caution when utilizing these data due to the complexity of groundfish management
and fleet harvest dynamics.

Since fishing does not occur continuously between set and haul points for fixed gears, the WCGOP fixed
gear data products are based on spatial locations of both set and haul coordinates (referred to as "fishing
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locations™). This is in contrast to the trawl effort data products, where a straight line connecting the start
and end points was used to represent each tow event. Fishing locations where either set or haul points
were either on land, outside the EEZ, or deeper than 2,000 m were removed from the spatial analysis.
Similar to the bottom trawl effort maps, two complimentary data products were created with these fishing
locations: 1) an effort density layer that depicts the relative intensity of fishing effort within each time
period, except areas where less than 3 vessels were operating, and 2) an extent polygon that shows the
gross extent of effort. Please refer to the description of methods used to create the bottom trawl effort
maps, as they were very similar to the methods used for the bottom trawl and mid-water trawl figures.
The main difference for the fixed gear data is that a point density, rather than a line density, algorithm
was used to quantify density of effort (units: locations/km2; Figure 18). The density parameters used for
calculating standardized effort for observed fixed gear fishing locations was a 5 km search radius and a
1,000x1,000 m cell size. As with the two trawl data products, the initial density output was more
spatially extensive than the one shown in the figures, because it included cells with density values
calculated from fishing locations of less than three vessels. For the published layer, we removed those
grid cells where fishing locations from less than 3 vessels intersected the circular search area. These
“confidential” cells represent 15.3 and 22.4 percent of all fishing locations within a given time period,
although the proportion varies considerably in certain areas along the coast (Table 11).

As with the two trawl effort maps, the color ramps for the intensity layers are scaled to the same range of
values in each panel

AppendixK-3 map plates show areas of high relative effort in the before time period are apparent off
northern Washington, Cape Blanco, OR, and Crescent City, CA. In the after time period, areas of high
relative effort show up again off northern Washington, off the Columbia River mouth, and off Cape
Blanco, OR (e.g., Figure 14). There are a number of areas of medium to medium-high relative effort that
show up in the map plates for both time periods; however, compared to the two sets of trawl figures, there
appear to be little spatial consistency between the two periods.

Another stark contrast between the fixed gear figures and the two trawl figures is the characteristic of the
extent polygons. The extent polygons for fixed gear effort (Figure 18) extend greater distances from the
intensity layers than trawl effort (Figures 15 and 17). There are a couple probable explanations for this
phenomenon. First, the fixed gear data comes from observers who are present only on a subset of all
fixed gear trips, in contrast to the bottom trawl and mid-water trawl data sources which are a mostly
complete record of all trips using those gear types (see exceptions detailed in methods). Second, due to a
more patchy nature of the spatial distribution of effort, the fixed gear intensity layer represents a smaller
portion of locations within the extent polygon. In other words, a higher proportion of density cells were
considered confidential because the values for those cells were calculated from only one or two vessels
(Table 11). The overall objective of the fixed gear intensity layer development was to ensure adequate
coastwide representation (in which over 80 percent or more of the data are represented). Compared to the
bottom and mid-water trawl summaries, the extent polygon for observed fixed gear effort encompasses a
large majority of observed fishing locations; however, some points were excluded due to confidentiality
considerations.
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Table 11.

Summary of observed fixed gear effort (i.e., number of fishing locations) both inside and outside of

density layer, summarized by degree of latitude and for two time periods: “before” (1 Jan 2002 — 11 Jun 2006) and
“after” (12 Jun 2006 — 31 Dec 2010) implementation of Amendment 19 regulatory measures. The significance of this
table is that it shows total observed effort within the fishery, plus amount within each degree of latitude not
represented in the fishing intensity layer, due to confidentiality considerations. Most observed effort, however, is still

represented in the extent polygon.

Inside + Outside Outside
Latitude Range BEFORE % Coast AFTER % Coast BEFORE AFTER
48 - 49 1,079 10.0% 1,488 10.3% 4.9% 0.9%
47 - 48 1,033 9.6% 785 5.5% 7.9% 8.4%
46 - 47 508 4.7% 1,512 10.5% 10.8% 5.4%
45 - 46 867 8.0% 1,094 7.6% 46.1% 25.2%
44 - 45 1,205 11.2% 1,539 10.7% 23.3% 17.0%
43 -44 689 6.4% 751 5.2% 20.5% 7.7%
42-43 845 7.8% 1,912 13.3% 6.5% 1.3%
41-42 1,028 9.5% 837 5.8% 31.0% 16.6%
40-41 259 2.4% 224 1.6% 35.1% 48.7%
39-40 366 3.4% 218 1.5% 12.3% 8.3%
38-39 173 1.6% 228 1.6% 26.0% 93.0%
37-38 220 2.0% 428 3.0% 65.0% 37.4%
36-37 302 2.8% 300 2.1% 7.6% 13.0%
35-36 360 3.3% 333 2.3% 18.1% 53.8%
34-35 196 1.8% 125 0.9% 28.6% 63.2%
33-34 956 8.9% 1,984 13.8% 43.1% 17.9%
32-33 704 6.5% 640 4.4% 21.3% 19.4%
Coastwide 10,790 100.0% 14,398 100.0% 22.4% 15.3%
Fixed Gear Fishing Effort (WCGOP) After
24°W 123w 123 W
| =
2
=
ki
124°W 123" W 123° W
. Effort (locations/km
' v - €2 o Higr(l 1438 ’) 1
0 20 40 60 80 100 £
@ T S Low 1 0.04
w 0 20 40 80 80 Map 3 of 9
Map SN;T: I:;;m_nm L
[~ | EFH Cons. Area

Date Saved: 20 Aug 2012
Authors: Curt Whitmire & Marlene Bellman (NMFS/NWFSC)

< State Temitorial Sea

Search Radius: 5,000 m
Cell Size: 1,000m

Figure 18. Example of Appendix K-3 fixed gear effort from commercial logbook records in the PacFIN

regional database.
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A GIS project was constructed in ArcCatalog and ArcMap in order to archive and display the collected
data files, and to create the map layouts from which the comparative maps were derived. This project is
currently available online at: http://efh-catalog.coas.oregonstate.edu/overview/

4.4.2 Recreational Fishing

Hook and line gear and pots are the most widely used and most likely sources of potential recreational
fishing gear impacts to EFH. Hook and line gear often involves use of large (usually lead) weights when
trolling for salmon or fishing groundfish such as halibut, lingcod, and rockfish species. Metal recreational
weights can impact biogenic habitat and soft and hard substrate when lost or when making contact with
the bottom. Hooks, lines, and smaller weights can be lost and become entangled in rocky and biogenic
habitat. Recreational pot gear can damage habitat when making initial bottom contact while fishing or
drag across the bottom causing more widespread damage when lost.

Biogenic habitats are most at-risk from recreational fishing gear impacts followed by hard substrate and
lastly, soft sediments. Impacts would proportionally be larger in areas of high recreational activity.
Many areas of vulnerable biogenic habitat are located far offshore lessening chance of recreational gear
and vessel impacts such as anchoring.

Lost gear may remain in-place and adversely affect organism growth while continuing to fish. Ghost
fishing can occur but is limited for hook and line gear by number of hooks. Recreational pots can
continue to fish until required biodegradable cord opens escape hatches disabling the fishing ability of the
gear.

Cumulative impacts from recreational fishing gear will be most pronounced in heavily fished areas but
little is known since minimal visual monitoring or inspections have been conducted; research is needed in
this area. Due to the relatively small gear and spatial footprint of recreational fisheries overall, impacts
are minimal compared to commercial fisheries. Though dive fishing with spears and spear-guns are
addtional forms of recreational gear their impacts are minimal to EFH.

4.4.3 Minimizing Effects

Fishery Management Plans are required to minimize adverse affects to EFH to the extent practicable.
Minimization measures can include, but are not limited to, time/area closures, fishing equipment
restrictions, harvest limits, and effort control. Adverse impacts to benthic habitats associated with bottom
fishing activities have been considerably reduced during the last two decades. These reduction were
achieved primarily in three areas; fleet reduction, gear modifications and area closures.

4.4.3.1 Fleet Reduction

Prior to 1994, the Pacific Coast groundfish trawl fleet numbered over 500 vessels. Through a number of
capacity reduction measures, which included limited entry, the groundfish buyback program, and the
rationalization of the trawl fleet (individual quota shares), has reduced the trawl groundfish fleet by nearly
80 percent (Table 12). In this same time period, the limited entry fixed gear fleet was also reduced by
almost 30 percent.
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Table 12. Counts of vessels participating in groundfish fishery sectors: 2005-2011.%

Groundfish Sector 2005 2006 2007 2008 2009 2010 2011
Catcher-Processors 6 9 9 8 6 7 9
Mothership whiting CVs 17 20 20 19 19 22 18
Shoreside whiting trawl CVs 29 37 39 37 34 36 26
Nonwhiting trawl cvs” 123 122 121 120 117 105 129
Sub total trawl vessels 175 188 189 184 176 170 182
Limited Entry fixed gear 126 132 136 135 139 140 166
Open Access fixed gear 670 764 696 650 660 578 682
Sub total fixed gearl vessels 796 896 832 785 799 718 848
Incidental Open Access 537 462 449 274 280 294 284
Total Groundfish Vessels
o 1,232 1,219 1,178 1,011 1,025 965 1,041
e | ® | 7 | w | w | s [ w [ u
et | [ e [ s [ s | w s [ s

a/ Source: PacFIN. Vessel counts for 2011 are preliminary.

b/ The increase in the number of nonwhiting trawl CVs in 2011was due to fixed gear vessels with trawl permits utilizing gear switching
provisions.

¢/ Vessels may participate in more than one fishery sector, so this total exceeds the number of West Coast groundfish vessels.

4.4.3.2 Gear Modification

In the early 2000’s, the need to constrain the catch of overfished rockfish species brought about
regulatory changes to limit the footrope size to less than 8 inches inside of 100 fathoms. This gear
regulation not only helped restrict catches of overfished rockfish species, it dramatically changed the
spatial footprint of the trawl fishery, out of rocky habitat areas. Additional regulations as a result of
Amendment 19 further restricted gear types to footropes less than19 inches outside of 100 fathoms, and
banned use of dredges and beam trawls. The actual trawl footprint has been further reduced by the trawl
rationalization program, which allows gear switching (i.e., trawl-permitted vessel can use fixed gear to
capture groundfish). Improved electronics and technology have also allowed the fishing fleet to better
position themselves and avoid sensitive habitats.
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4.4.3.3 Area Closures

Bottom Contact Closed Areas

In 2006, the Council and NMFS took action to close the following areas to specific bottom contact gear
(trawl gear only or all bottom contact gear), based on the outcome of the Amendment 19 process.

Off of Washington:

1. Olympic_2

2. Biogenic_1

3. Biogenic_2

4. Grays Canyon

5. Biogenic_3
Off of Oregon:

1. Nehalem Bank / Shale Pile

Astoria Canyon

Siletz Deepwater

Daisy Bank / Nelson Island
Newport Rockpile / Stonewall Bank
Heceta Bank

Deepwater off Coos Bay

Bandon High Spot

9. Rogue Canyon

Off of California:
1. Eel River Canyon

Blunts Reef
Mendocino Ridge
Delgada Canyon

Tolo Bank

Point Arena Offshore
Cordell Bank

Biogenic Area 12

. Farallon Islands / Fanny Shoal
10. Half Moon Bay

11. Monterey Bay / Canyon
12. Point Sur Deep

N RN

©ooN Ok wWN

These closed areas are summarized in Figure 3.

13.
14.
15.
16.
17.
18.
19.
20.

TNC/ED Area 2

TNC/ED Area 1

TNC/ED Area 3

Potato Bank

Cherry Bank

Hidden Reef / Kidney Bank
Catalina Island

Cowcod Conservation Area East

Bottom Contact Closed Areas
Off of Oregon:

1.
2.

Thompson Seamount
President Jackson Seamount

Off of California:

Cordell Bank (within 50 fm isobath)
Davidson Seamount (fishing below 500
fathoms prohibited, see below)

Anacapa Island MCA

Anacapa Island MR

Carrington Point

Footprint

Gull Island

Harris Point

Judith Rock

. Painted Cove

. Richardson Rock
. Santa Barbara

. Scorpion

. Skunk Point

. South Point

All of the BCCA:s off of California occur within the Cordell Bank, Monterey, or Channel Islands National
Marine Sanctuaries. Mitigation measures implemented under MSA authority are also intended to support
the goals and objectives of these sanctuaries. In the case of Davidson Seamount, it is unlawful for any
person to fish with bottom contact gear, or any other gear that is deployed deeper than 500 fathoms
(~914m), within the area defined in Federal regulations. These gear restrictions address Sanctuary goals
and objectives while practicably mitigating the adverse effects of fishing on groundfish EFH.
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Bottom Trawl Footprint Closure

As a precautionary measure to mitigate the adverse effects of fishing on groundfish EFH, Amendment 19
closed the West Coast EEZ seaward of a line approximating the 700 fm (~1,280m) isobaths to bottom
trawling (PFMC 2011a). However, NMFS disapproved the closing of areas within the EEZ that are not
designated as EFH (i.e., deeper than 3,500 m), and closure was subsequently limited to designated EFH
that is seaward of the line approximating the 700 fm isobath (May 2006, 71 FR 27408). This is referred to
as the footprint closure because the 700 fm isobath is an approximation of the historic extent of bottom
trawling in the management area. This closure is therefore intended to prevent the expansion of bottom
trawling into areas where groundfish EFH has not historically been adversely affected by bottom
trawling.

4.5 Non-Magnuson Act Fisheries Effects

The EFHRC requested spatial footprints of state-managed bottom contact gear fisheries, for use in the
groundfish EFH review.

4.5.1 Fisheries Managed by the State of Washington

Logbook datat for state managed fisheries were aggregated into 10-minute blocks and indicate where
fishing occurred by a minimum of three vessels (i.e., “rule of three™), consistent with other requests from
non-fishery management agencies for commercial logbook data. As such, areas or blocks that are not
shaded do not necessarily represent areas where fishing did not occur, but rather may not have met the
“rule of three” standard.

For the Dungeness crab fishery, logbook data collection began in the 2009-2010 season and specific
fishing location data prior then was unavailable. Data for each fishing season is presented separately
(Figures 19a and 19b).

For the spot prawn fishery, prior to 2003, both trawl and pot gear could be used; however, beginning in
2003, trawl gear was prohibited. Therefore, trawl fishing location data were excluded because inclusion
could give a false impression of where the fishery occurs. There are very few participants in this fishery,
so applying the “rule of three” resulted in a display of only a few discrete areas; as such, data were
aggregated across all years (2003-2011) to better display the extent of the spot prawn fishing footprint
(Figure 20).

The Washington hagfish fishery has such few participants that it was difficult to meet the “rule of three”
minimum standard to display any useful data, so no maps were included.
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Map Scale: 1:2,400,000
Date Saved: 20 Aug 2012
Map Design By: Curt Whitmire (NOAA Fisheries - NWFSC)
Effort Data Provided By: Washington Department of Fish & Wildlife

Figure 19a. Washington Dungeness crab fishery footprint during the 2009-2010 and 2010-2011 seasons.
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2009-10 Washington Dungeness Crab Fishing Footprint (Pot Gear) 2010-11
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Figure 19b. Washington Dungeness crab fishery footprint during the 2009-2010 and 2010-2011 seasons.
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Washington Spot Prawn Fishing Footprint (Pot Gear)
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Figure 20. Washington spot prawn pot gear fishery footprint during the 2003-2011 seasons.
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4.5.2 Fisheries Managed by the State of Oregon

Oregon Department of Fish and Wildlife provided fishery footprints created from state fishery logbook
information for Dungeness crab (Figure 21), hagfish (Figure 22) and pink shrimp (Figures 23a-d)
fisheries. Three crab seasons are represented in this footprint — 2007-08, 2009-10 and 2010-11. Catches
from Oregon hagfish fisheries are presented for 1993-1998, 1999, part of 2001, 2002-2011 (limited catch
reported in 2006). Prior to 2002 catch was reported sporadically, but reporting improved from 2002
onward. Pink shrimp bottom trawl footprint was based on logbook data from five large stock size years,
1987, 1989, 1992, 2005 and 2011.

Each data product represents a multiple year aggregate view of the extent of effort (or footprint) for each
fishery. These were developed by taking a series of steps using ArcGIS, based on the methods used by
NWFSC analysts to develop the trawl fishery footprint for the EFH process. Each fishery’s logbook data
was spatially joined to a 0.5° latitude X 0.5° longitude grid. Polygons were then created using the
‘Minimum Bounding Geometry’ tool with the convex hull bounding type selected for each grid cell. The
polygons were then buffered by 1 nm for Dungeness crab and pink shrimp, and by 3 nm for hagfish, then
the boundaries between each polygon were dissolved. The resulting polygons enclose >99% of all set
string locations for each fishery. To maintain confidentiality, polygons with locations from fewer than
three vessels were eliminated, as were arms on polygons that contained a single sample. These products
are only intended to represent the general “footprint” of each fishery for the different time periods
specified.

Pacific Coast Groundfish EFH 5-Year Review 77 August 2012



Oregon Dungeness Crab
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Figure 21. Oregon Dungeness crab pot fishery footprint for the 2007-08, 2009-10 and 2010-11 seasons.
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Figure 22. Oregon hagfish pot fishery footprint from 1998-1993, 1999, part of 2001, 2002-2011 (limited

catch reported in 2006).

onward.

Prior to 2002 catch reported sporadically, but reporting improves from 2002
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Pink Shrimp Fishing Footprint (Bottom Trawl Gear)
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Figure 23a. Oregon pink shrimp bottom trawl fishery footprint from the 1987, 1989, 1992, 2005 and 2011
seasons.
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Pink Shrimp Fishing Footprint (Bottom Trawl Gear)
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Figure 23b. Oregon pink shrimp bottom trawl fishery footprint from the 1987, 1989, 1992, 2005 and 2011
seasons.
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Figure 23c. Oregon pink shrimp bottom trawl fishery footprint from the 1987, 1989, 1992, 2005 and 2011
seasons.
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Pink Shrimp Fishing Footprint (Bottom Trawl Gear)
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Figure 23d. Oregon pink shrimp bottom trawl fishery footprint from the 1987, 1989, 1992, 2005 and 2011
seasons.
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4.5.3 Fisheries Managed by the State of California

The CDFG issued a report in 2008 that described the nature and extent of the California halibut fishery
and to a lesser extent, then California sea cucumber trawl fishery (CDFG 2008). This was concurrent
with the closure of California Halibut Trawl Grounds (CHTG), which have certain performance criteria
associated with them, to be met prior to re-opening the CHTG. The criteria relate to bycatch, damage to
seafloor habitat, ecosystem health, and restoration of biogenic habitats. While the report does not draw
specific conclusions, it makes clear that there was a conservation concern

All citations in the report are from 2007 and before, and the EFHRC has not received any subsequent
information in response to its request to the CDFG. While this report may not represent the most up to
date information, it nonetheless provides an indicator of the location (Figure 24), nature, and intensity
(Figure 25) of California halibut tr