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Abstract

Recent experience in implementing legal requirements to designate andprotect Essential Fish Habitatfor groundfish off

the US west coast is providing an opportunity to develop afeedback loop between science andpolicyfor habitat- and
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ecosystem-based management that mirrors the traditional stock assessment/harvest management paradigm. The stock

assessment/harvest managementfeedback loop dates back to the 1940s and has strongly influenced the development of

the marinefishery management infrastructure and associated research programs. Assessment ofmarine habitat and the

related establishment ofregulatorypolicies by west coastfishery managers offer thepotentialfor a similarfeedback loop

and the tailoring ofresearch and infrastructure to improve the information availablefor decision-making.

Resume

L 'experience recente qui consiste a mettre en oeuvre les exigences legales dans la designation et la protection des habi

tats essentiels aux poissons de fond au large de la cote ouest des Etats-Unis offre Voccasion de mettre en place une

boucle de retroaction entre la science et la politique en vue d'une gestion fondee sur les habitats et I'ecosysteme qui

reflete leparadigme de gestion de revaluation traditionnelle des stocks/prises. La boucle de retroaction de la gestion de

revaluation des stocks/prises remonte aux annees 1940 et afortement influence le developpement de I'infrastructure de

gestion despeches et les programmes de recherche associes. L'evaluation de I'habitat marin et la mise enplace despoli-

tiques de reglementation qui lui sont lieespar les gestionnaires despeches de la cote ouest offrent lepotentiel de met

tre en place une boucle de retroaction semblable et d'adapter la recherche et les infrastructures en vue d'ameliorer Vin-

formation disponible pour la prise de decision.

INTRODUCTION

The US Magnuson-Stevens Fishery Conservation and Management

Act, 1996 (MSA) establishes the framework for managing fisheries

in the US Exclusive Economic Zone (EEZ). Broadly, the provisions

of the MSA were developed to promote the sustainable use of fish

ery resources, resulting in increased long-term economic and social

benefits to the nation. This requires maintaining healthy fish stocks

and, in some cases, rebuilding overfished ones. Recent amendments

to the MSA also require that Fishery Management Plans (FMPs)

"describe and identify Essential Fish Habitat (EFH), minimize to

the extent practicable adverse affects on such habitat caused by fish

ing, and identify other actions to encourage the conservation and

enhancement of such habitat" (16 U.S.C. 1853(a)(7)). The MSA

defines EFH as "those waters and substrate necessary to fish for

spawning, breeding, feeding or growth to maturity" (16 U.S.C.

1802 sec. 3(10)). Regulatory guidelines elaborate that the words

"essential" and "necessary" mean EFH should be sufficient to "sup

port a population adequate to maintain a sustainable fishery and the

managed species' contributions to a healthy ecosystem (50 CFR 600

subpart J)."

The amendments have provided regional fishery management

councils with an opportunity to explicitly incorporate fish habitat

requirements, and, to some extent ecosystem requirements, into the

management process. Due to its relative newness and complexity,

consideration of fish habitat and the broader ecosystem within the

fishery-management process presents many technical and policy

challenges. Many of these challenges are caused by the lack of

existing infrastructure to support spatially explicit, habitat-based

fishery management.

The starting point for both management and conservation is to

assess the status of the resource. Assessments are generally used to

characterize the status of a population, relative to an idealized

(either unfished or sustainably fished) population size, and to pre

dict the response of a population to anthropogenic impact. Policy

makers, in turn, use the assessments to set harvest quotas that are

predicted to be sustainable. In the US, stock assessments for fish

and mammal species are routinely developed using a body of scien

tific literature and systematic data collection from both fishery-

dependent and fishery-independent surveys. These assessments

form the scientific foundation ofmost marine resource management

decisions under federal jurisdiction.

Statistical methods for the assessment offish stocks, in partic

ular, were in place by the 1940s (Ricker 1975), and have been con

tinually improved upon since that time. The National Marine

Fisheries Service (NMFS) and the resource management agencies

of coastal states, along with their academic partners, maintain

diverse data sampling programs that supply information to the

stock-assessment process in the form of fishery-dependent catch

information from observers, logbooks, fish tickets, and angler inter

views, as well as fish density, abundance, and life-history informa

tion from fishery-independent surveys. In traditional, single-species

stock assessment-based fisheries management, catch, abundance,

and life-history data are interpreted through models of population

dynamics, the results of which flow into a management process to

establish allowable harvest quotas (Figure 1). Additional ecosystem

information on habitats, trophic dynamics, ocean and climate con

ditions, and human impacts other than direct harvest is not typical

ly considered explicitly in these assessments.

Assessment of risks to the function of marine habitats (both in

terms of fishery production and within the broader ecosystem) at

the broad geographic scale that fisheries are prosecuted is compar

atively new. Until the EFH requirements were amended to the MSA

in 1996, there was no mandate to consider habitat function for a

wide variety of species (over 80 species in the west coast ground-

fish fishery FMP) over the range of their distribution within US

waters. Prior to the 1996 EFH amendments to the MSA, habitat pro

tection focused on unique habitat types or on the requirements of

single species in limited locations, rather than consideration of all

federally managed species as required by the EFH amendments.

The intent of this paper is to highlight the parallel structure of

the traditional stock assessment/harvest quota process and that of

EFH or ecosystem management and draw conclusions related to the
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Stock Assessments: the Foundation For Sroixndfish Management
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Figure 1. The stock assessmentprocessfor US west coast groundfish includes three distinct components: data consolidation, modelling, and

policy. Solid arrows indicate dataflow into traditional single-species population assessments and resultant application to harvest policy.

Dotted arrow indicates supplemental information that can be used to move toward ecosystem-based management (thisfigure has been mod

ifiedfrom http://www.st.nmfs.gov/StockAssessment/StockAssessment.html and S. Ralston; NMFS Santa Cruz Laboratory).

research and infrastructure necessary to support each. Heretofore,

there have been limited or no opportunities to develop a feedback

loop between assessment scientists and policy makers for EFH and

the ecosystem. Recent experience from the west coast is summa

rized as a case study; in concept, such a feedback loop may be

developed that would be used to structure decisions for building the

necessary infrastructure and research programs to support habitat

and ecosystem policy.

WEST COAST GROUNDFISH CASE STUDY:

THE SCIENCE FRAMEWORK

The Pacific Fishery Management Council (the Council) developed

a decision-making framework to guide a risk assessment and policy

development process for groundfish EFH along the Pacific coast of

the United States (Figure 2). The risk assessment shares two com

ponents that are common to stock assessments: data consolidation

and modelling. Three models were developed for the risk assess

ment: EFH, Habitat Areas of Particular Concern (HAPC), and

impacts to EFH (both natural and anthropogenic). There is an

important division between the scientific components of decision-

making {i.e., data consolidation and modelling) and the policy com

ponent, such that scientific advice is formulated in the absence of

political influence. Additionally, as with stock assessments, social

and economic decisions are considered in the policy component of

the process. The risk assessment is designed to inform the policy

process, with a clear articulation of the status of habitats (even if

such status is unknown) and, if appropriate, a problem statement

relevant to groundfish habitats. In this paper, the EFH model as it

was applied to groundfish management decisions is summarized to

compare new experience with the traditional stock assessment/har

vest policy process.

Available Data for the EFH Model

In the data consolidation component of the risk assessment for west

coast groundfish EFH, the best available ecological, environmental,

and fisheries information was reviewed and incorporated into

appropriate databases, in consultation with scientific advisory com

mittees and agency scientists. Specific information was assembled

into a Geographical Information System (GIS) and applied to the

identification and description ofEFH alternatives. This information

includes:

fish distributions;

distribution of benthic substratum types (including maps on
data quality in some areas);

size and location of estuaries;

distribution of canopy kelp;

seagrass distribution;

bathymetry;
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Figure 2. Decision-makingframework to guide the risk assessment andpolicy developmentfor Essential Fish Habitatfor groundfish on the

US west coast (MRAG Americas et al, 2004) (GAM- generalized additive models).

• latitude; and,

• distribution of some structure-forming invertebrates.

Also considered in identifying and describing EFH alternatives

were data on:

• associations among groundfish species and benthic substratum

types;

• life histories of groundfish species; and,

• a general description of pelagic habitats.

The ultimate goal was to delineate EFH in terms of its contri

bution to rates ofgrowth, reproduction, survival, and production for

the diverse group of groundfishes on the west coast. Currently, the

present understanding ofEFH for many ofthese groundfish species

is based on limited presence/absence data for late-juvenile and adult

stages of the fishes and their associated habitats. Data on habitat-

specific densities are available for only a few species in a few loca

tions, and there are even less data to evaluate habitat-specific pro

ductivity. Until the 1970s, surveys of benthic marine habitats and

associated groundfishes were mostly limited to relatively shallow

subtidal (<30 m water depth) observations, while most of the 82

west coast groundfish species and fisheries occur in deeper water.

Assessing attributes and functions of EFH remains especially diffi

cult in deep-water marine environments because of increased

expense and restricted access to this habitat.

Preliminary Habitat Suitability Models

To designate EFH for west coast groundfish, we were challenged to

provide managers with spatially-explicit estimates of a metric that

would enable them to make a choice about which portions of a

species range might be designated as EFH. This was needed for a

large number of species and their associated life-history stages

(>300 when combined) occurring in a large geographic area (>80

million hectares). Virtually no information exists that quantifies the

function of habitat for Pacific Coast groundfish. Therefore, a

Bayesian Belief Network model was developed to characterize the

probability that particular habitats were suitable for groundfish

species (an introduction to Bayesian Belief Network can be found

in Jensen (1996); a more complete treatment can be found in Cowell

et al (1999)). This approach uses habitat suitability modelling

based on the occurrence of fish in trawl survey catches, and pub

lished and unpublished habitat associations of groundfish. The

model output, termed Habitat Suitability Probability (HSP), is

based on associations of species and life stages with various habitat

attributes. The HSP is mapped via GIS to provide managers with a

visual, quantitative framework for making decisions.

Three main habitat attributes or variables are used in the EFH

model to describe habitat conditions for groundfish offthe west coast:

depth, latitude (a reasonable proxy for water temperature at the
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seafloor in this case), and substratum type. Habitat suitability proba

bility is calculated from separate probabilities for each of these three

variables, and also taking into account data quality as well as the

interactions that might exist among the variables (e.g., depth range of

a species can vary with latitude). Together, these three variables pro

vide a basis for predicting the HSP. The habitat polygon data are

passed to the EFH model, which calculates the HSP values and

returns them to the GIS data file to be mapped in the form of coast-

wide contour plots for each individual species life-history stage,

where sufficient data exist to make credible estimates (Figure 3).

Habitat suitability probability is a measure ofthe likelihood that

a habitat with given characteristics is suitable for a single fish

species/life stage or for a species/life stage assemblage. The measure

of suitability is used in a predictive, probabilistic sense to infer that

a species is more or less likely to occur in an area with known habi

tat characteristics, even though direct evidence of its occurrence

from in situ observations is not available. In all areas, where the

measure is greater than zero, there is a finite probability that the fish

will occur and therefore contain fish habitat. Whether or not this is

Essential Fish Habitat depends on management decisions about the

threshold level of suitability, above which the habitat should be

afforded the protection inferred by its identification as such.

The HSP maps (see Figure 4) provide the necessary contrast

for managers to make informed decisions about the identification of

EFH across all habitats where species occur. From a manager's per

spective, the HSP is designed to be user-friendly and, with relative

ly minor technical support, is easily manipulated to investigate

alternative policies. For example, it is possible to select those areas

having HSP higher than some predetermined threshold value. A low

value would produce a broad or inclusive identification of EFH,

GIS
Observed

Substratum

Substratum

Data Quality

\

while a high value would reduce the area identified as EFH. The

decision to adopt a particular definition of EFH could then be con

sidered from a policy standpoint. Adopting an inclusive definition

may be appropriate given the incomplete and indirect nature of the

information used to identify EFH. However, developing workable

alternatives to reduce fishing impacts may be difficult if EFH is

defined too broadly. Adopting a relatively narrow EFH definition

may make it easier to develop effective precautionary mitigation

alternatives.

Ongoing Research to Improve Quality and Quantity

ofEFHData

There is a critical need for comprehensive, detailed, and accurate

information on benthic habitats and associated groundfish assem

blages on spatial scales relevant to fishery management and habitat

protection. Development of more efficient and effective visual and

acoustic methods to survey deepwater benthic habitats and fishes is

ongoing, especially in complex, diverse habitats that are difficult to

assess with conventional survey tools. Additionally, core nursery

grounds and spawning areas for groundfish species, both benthic

and pelagic, need to be identified, so that potential impacts to these

areas can be considered. There is also a critical need to understand

the relationship between large climate events and abundance,

growth, spawning success, and survival of groundfish species.

Currently there are several efforts underway to create maps of

seafloor habitats on the west coast, including those used here to

identify EFH alternatives (Greene et al., 2003; Goldfinger et al,

2003; and Romsos et al., this volume). These efforts have been

facilitated by the development of a unifying seafloor classification

system for benthic habitats (Greene et al, 1999,2003). While these
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Figure 3. Basic relationships among data components in the EFH Model.
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efforts represent a coastwide delineation of rocky and unconsolidat-

ed seafloor substrata, they are just the first step in describing, quan

tifying, and understanding benthic habitats throughout the entire

range of groundfish species on the west coast. These databases and

maps are currently considered preliminary because of varying lev

els of data quality and verification (ground-truthing), as well as the

limited spatial coverage of some of the information. Detailed map

ping of groundfish habitat has been accomplished in only a relative

ly few important areas, such as offshore banks of the southern

California Bight, Monterey Bay, California, and Heceta Bank,

Oregon (Wakefield et al, 2005), and is slowly being extended to

other areas of the west coast. It is absolutely imperative that the

databases and maps be revised and improved on a regular schedule

as new information is collected, as well as extended to incorporate

change over time and oceanographic variability. These valuable

baseline habitat maps should be maintained and made easily acces

sible to the greater marine resources community. These data are

critical not only in the identification ofEFH but also in comparative

risk assessment of anthropogenic (e.g., fishing gears, pollution,

dredging, etc.) and natural impacts (e.g., tectonic, El Nino, and

storm events) to these habitats.

Past research shows that settled juveniles and adults of many

species of groundfishes, rockfishes in particular, are difficult (or

impossible) to appraise accurately with traditional survey methods

such as bottom trawl (Zimmermann, 2003), fixed-gear, and acoustic

surveys (Cooke et al, 2003). This is due to the close association

between many of these species and rugged, rocky, heterogeneous

habitats. Consequently, alternative techniques using direct observa

tion from in situ platforms (submersibles, remotely operated vehi

cles, automated underwater vehicles) and advanced imaging tech

nologies, such as laser-line scan systems and bioacoustic observa

tions, are being developed and applied to improve assessments over

untrawlable habitat (O'Connell and Carlile, 1993; Jagielo et al,

2003; Cooke et al, 2003; Yoklavich et al, 2003; Wakefield et al,

2005), characterize and conserve deep-water habitats (Yoklavich et

al, 2000), assist in designing and evaluating Marine Protected

Areas (MPAs; Yoklavich et al, 2002), and track the recovery for

some groundfish species. This approach is especially critical when

focusing on benthic habitats of extreme heterogeneity and biologi

cal assemblages of high diversity.

Identifying EFH for pelagic stages of groundfish species is a

critical line of research that is largely absent in the current EFH

model. New technologies, such as airborne Light Detection And

Ranging (LiDAR), are being developed to identify near-surface

pelagic stages of some species. Coastwide collection and modelling

of relevant information, such as the multi-decadal databases devel

oped from California Cooperative Oceanic Fisheries Investigations'

(CalCOFI) surveys offish eggs and larvae and from mid-water sur

veys of newly-recruited groundfishes and associated physical

oceanographic aspects of habitat {i.e., temperature and salinity from

shipboard and satellite remote sensing), are ongoing efforts to better

understand the relationship between the structure and function of

pelagic habitats and the recruitment, survival, and productivity of

managed fish species. Enhanced oceanographic monitoring systems

are being developed to meet the need to understand species and cli

mate/ocean interactions in affecting groundfish production.

Research on the distribution and function of structure-form

ing invertebrates, particularly as components of EFH for ground

fish, is just beginning on the west coast (Tissot et al, 2006).

Ongoing research includes the systematics, distribution, and abun

dance of structure-forming invertebrates (particularly corals,

sponges, anemones, sea pens, etc.) in deep water. A critical need

is to understand the potential role of these species as a component

of groundfish EFH in continental shelf and slope ecosystems.

Because these large invertebrates provide structural components

of fish habitat and are vulnerable to impacts by seafloor-tending

fishing gear, they may represent HAPC and as such would be pro

tected under the MSA.

Research on Anthropogenic Impacts to EFH

To date, the best available science on fishing impacts to benthic

habitats has been limited to observations of modification to some

physical and biogeochemical components of habitats and changes

in the community structure (NRC, 2002; MRAG Americas et al,

2004). Understanding functional impacts (i.e., how physical modi

fication of the ecosystem affects groundfish productivity) begins

with baseline characterization and cataloging of habitats relevant to

managed species.

The evaluation of impacts from fishing to EFH in the risk

assessment described in this paper was based on sensitivity indices

of various types of benthic habitats to disturbance or influence by

various types of fishing gears, and on rates of recovery from such

disturbances. These indices and rates were estimated from limited

information, much ofwhich derived from studies conducted outside

our west coast region of interest (National Marine Fisheries Service,

2005). A preliminary Bayesian Network "Impact" model (Figure 2)

was developed to consider cumulative anthropogenic impacts to

habitat (from fishing and non-fishing sources). However, this effort

was hampered by a lack of data in several key areas including fine-

scale fishing effort information and the relationship between fishing

effort and ecological impact.

Some critical data and research needs, related to fishing

impacts and groundfish populations, include:

• estimating rates of impacts of specific fishing gears on the

diverse habitat types found on the west coast;

• routine collection of fishing effort data at a scale that allows

spatio-temporal analysis of footprints from multiple fishing

gears;

• estimating the rates of recovery for the full range of habitat

types from both chronic and acute disturbances;

• quantifying population and ecosystem effects resulting from

fishing impacts;

• describing trophodynamic changes related to fishing impacts;

• evaluating the role of MPAs in management of fisheries and

habitats; and

• evaluating the influence of MPAs on production, rebuilding,

and long-term sustainability of groundfish.

WEST COAST GROUNDFISH CASE STUDY:

THE POLICY FRAMEWORK

In response to the mandates and scientific framework described in

the preceding sections, the NMFS, on March 8, 2006, approved the

Council's comprehensive 4-part strategy for EFH conservation
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including: (1) identification and description ofEFH; (2) designation

of HAPC; (3) measures to minimize adverse effects from fishing to

EFH; and, (4) research and monitoring. The strategy was designed

to take advantage of the best available information with precaution

ary adjustments where appropriate. The Council will have ongoing

opportunities to adapt management plans as new information

becomes available. A brief summary of the action follows.

EFH

Essential Fish Habitat is identified as 100% of the area where HSP

is greater than zero for any species and any additional area in depths

less than or equal to 3500 m (Figure 5). By including areas out to

3500 m water depth, this EFH definition includes all habitats where

groundfish occur with the addition of 100 m depth as a precaution

ary adjustment in case of unobserved fish.

HAPC

Seagrass, canopy-forming kelp, rocky reefs, estuaries, and specific

areas of interest (e.g., seamounts, banks, canyons, etc.) are designat

ed as HAPC. A map of HAPC is provided in Figure 6.

Measures to Minimize Adverse Impacts

from Fishing

A suite of restrictions and area closures is being implemented to

minimize adverse impacts to EFH from fishing. The following

would be prohibited: dredge gear; beam trawl gear; bottom trawl

roller gear greater than 19 inches; and, bottom trawl roller gear

greater than 8 inches shoreward of 183 m. Area closures would be

distributed throughout the EEZ and apply to specified gear types as

shown in Figure 7.

CONCLUSIONS

Geologists and fish ecologists have a new opportunity to learn from

the application ofhabitat data to management decisions. For the US

west coast, habitat data have been applied in a geographically com

prehensive assessment that was tailored specifically to support

management decisions. The assessment was designed to be "user-

friendly", thereby influencing the design of the model and output.

The spatially-explicit probability profiles of habitat suitability that

have resulted from this assessment have now been used by man

agers to identify EFH. Of equal importance is the experience that

has been gained on the west coast in organizing ecosystem data,

specifically for management decisions, the results ofwhich can feed

back into tailored data collection programs.

At the scale of the Pacific coast EEZ, it is perhaps surprising

to realize how little is known about habitat and its function for fish

es and the ecosystem. While a coastwide assessment of probable

habitat suitability for groundfish is an impressive achievement, it is

informative primarily at the most basic level. That is, it provides

managers and researchers with the likely locations of suitable habi

tat, but does not predict the results of policy decisions in terms of

fishery or ecosystem response. This limitation in knowledge has

resulted in the application of precautionary management principles

to regulate human activities when both the risk of inaction versus

the effects of the regulations are not fully understood.

Researchers who will be implementing future habitat-related

data collection programs can benefit from feedback provided by

managers. Habitat data can be expensive to collect, particularly in

deep offshore environments where ship time and sophisticated

instrumentation are necessary. To justify such expenditures, it is

useful to think of traditional stock assessments and their supporting

data programs as a model that is compatible with, and exportable to,

EFH and ecosystem management. Data collection programs have

been developed specifically to function in the assessment and poli

cy process. The developing discipline of habitat studies can now

take advantage of a similar approach, whereby data collection is

cast in terms of EFH assessment and habitat- and ecosystem-based

management.
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