
EFH Species Descriptions

EFH Levels within EFH Regulation (50 CFR Part 600)

Level 1  - Distribution data are available for some or all portions of the geographic   
range of the species. 

Level 2 - Habitat-related densities of the species are available

Level 3 - Growth, reproduction, or survival rates within habitats are available. 

Level 4 - Production rates by habitat are available. 

• 600.815 (a)(1)(ii)(B). FMPs must demonstrate that the best scientific information 
available was used in the description and identification of EFH, consistent with 
National Standard 2.

• 600.815 (a)(1)(iii)(B). Councils should strive to describe habitat based on the highest 
level of detail (i.e., Level 4). If there is no information on a given species or life stage, 
and habitat usage cannot be inferred from other means, such as information on a 
similar species or another life stage, EFH should not be designated.
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Sablefish EFH, 1999



Sablefish EFH, 2005/2010
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• Objectives:

– Move EFH Descriptions from Level 0 (no information) and Level 
1 (presence information) to Level 1 & Level 2 (density 
information by habitat)

– Standardized and repeatable method



Data, Regions, Surveys, and
Sampling Areas



Approach– EFH Definitions in Alaska

• Uses species distribution modeling tuned to 
available data

• Divisions by season (Fall, Winter, Spring)

• Divisions by life history stage 

(egg, larvae, pelagic juvenile

settled juvenile, adult)

• Funded by Alaska Regional Office



Eastern Bering Sea (n = 34)Aleutian Islands (n = 30) Gulf of Alaska (n = 46)

> 400 combinations to model



Dependent data

• Bottom trawl surveys (1982-2014)
– CPUE (GAM, hurdle GAM, Maxent)

– Adults

– Settled juveniles

– Summer only

• EcoFOCI data (1994-2015)
– Presence only (MaxEnt)

– Eggs

– Larvae

– Pelagic juveniles

– All seasons

• Catch in areas database (2005-2013)
– Presence only (MaxEnt)

– Fall, winter, spring

– Adults only



latitude X longitude

depth

temperature

sediment size

slope

=

+

+

+

+

Method Part I. Term Selection & Model Fitting (GAM)



Method Part II. Generalized Additive Modeling

Details: 

Dismo package for MaxEnt

MGCV package for GAM

Presence-absence = Binomial distribution

CPUE = 4th root transformation

k = 30 for bivariate term, 4 for univariate terms
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Prediction

~ (longitude X latitude) + depth +

temperature + sediment size + slope

blue king
crab



bottom trawl surveys:  hurdle GAM

presence-absence conditional abundance

p > 0.39
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Kamchatka flounder



Groundfish
survey

EFH - Kamchatka flounder



juvenile

Summer

adult

Summer

bottom trawl survey -
GAM - abundance

observer catch -
MaxEnt - presence 
only (probability)

Winter Spring

adult adult adult

Fall

yellowfin
sole

eggs eggs

Summer

larvae

Spring

ichthyoplankton survey -
MaxEnt - presence only 
(probability)

Spring



AI and GOA too!

walleye pollock



Egg, larvae, 
pelagic 
juveniles

Aleutians Gulf of Alaska Eastern Bering Sea

Benthic 
juveniles 

and adults



New EFH Descriptions



• Fishery-dependent and ichthyoplankton data are
effort dependent

• Results are large-scale, decadal, regional

• Don’t include results from previous studies

• Untrawlable regions not considered

Caveats (there are many)



Advantages: 

• EFH definitions directly linked to habitat attributes

• Cohesive maps aid spatial planning

• Relatively easy to update with new data



Future Work

• Stock assessor review (1500 pages)

• Automation!

• Additional modeling methods

• Combine with other habitat studies to more fully integrated EFH 
reporting

• Temporal changes in habitat



Distribution and abundance under changing 
scenarios

this project
based on simulated 
bottom
temps

walleye pollock distribution



Habitat Metrics Presence-only Models

 Seafloor Terrain: depth, slope, aspect, 
curvature, bathymetric position index (BPI)

 Structural Invertebrates: coral, sponge, and 
whip presence

 Biophysical: bottom temperature, bottom 
current speed, tidal current speed, primary 
and secondary production 

 Next Steps: rockiness surface from sediment 
and substrate features and other seafloor data

Improving base model EFH  definitions for Gulf of Alaska groundfish species using 
combined species distribution models with high-resolution regional habitat 
metrics (Pirtle et al. EFH Project 2015-04);
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Inputs

• Fishing intensity and distribution
• Sensitivity of habitat features
• Recovery rates of habitat features
• Habitat distribution

• Advantages

• Repeatable;

• Incorporates EFH Habitat Description and Habitat 
Information;

• Habitats sensitive to disturbance are measured;

• Highlights areas of data gaps and inadequacies;

• Future research direction

• Disadvantages

• Appearance that detailed information is available 
to assess impacts;

• MMST threshold stood out as primary measure 
when in fact other stock information was available 
in the assessment;

• Text clearly details inadequacies; projections depict 
more than is actually known;

• Model may be used out of context

The Long-term Effect Index: The estimated percentage by which a habitat 
feature would be reduced from a hypothetical unfished abundance, if recent 
intensity and distribution of fishing effort were continued over a long enough 
term to achieve equilibrium



Living Structure Habitat
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Appendix b effects table numbers

Info on limitations
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April 2014 SSC Comments

“A second technical subgroup will re-examine the Fujioka-Rose Long-term Evaluation of Fishing 
Effects Index (LEI) model and will review potential utility of a Swept Area Seabed Impact (SASI) 
model. The SASI model was developed for application for implementation by the New England 
Fishery Management Council. Dr. Harris has experience in applying SASI in New England. The 
LEI model will be migrated from Matlab to R software, streamlined, and some new features 
may be added based on the SASI review. Habitat-specific applications of an improved fishing 
effects model will take advantage of finer-scale information on catches owing to VMS, the 
Catch-in-Areas database, and improved geospatial habitat data.”

1. Prepare a one-page “cheat sheet” that compares the advantages and disadvantages of the 
LEI and SASI models.

2. Compare outcomes from the “old” and “new” versions of the LEI model. For instance, 
when and where has scoring changed?





Draft Recommendations from White Paper

1. Use updated substrate distribution data

2. Use updated commercial fishing effort, including Catch-in-Areas database and VMS

3. Develop R code to implement the time-varying fishing effort version of the Fujioka 
fishing impacts model

4. Reflect uncertainty in habitat feature sensitivity and recovery parameters

5. Develop functional or empirical models to allow simulation of management 
alternatives and changes to commercial fishing gear
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SSC request for model modifications:

• Discrete time (like SASI)
• Incorporate literature review from SASI
• Track fishing effects over time with monthly time 

step



Fishing Effects model background 

Long-term effects index (LEI)  - Fujioka 2006

𝐿𝐸𝐼 =
𝐼

𝐼+𝜌

Continuous time framework

Swept Area Seabed Impacts (SASI)  - NEFMC 2011
𝑍𝑡+1 = 𝑍𝑡 + 𝑋𝑡 − 𝑌𝑡

Susceptibility and Recovery dynamics from literature
Annual Time Step

Fishing Effects model (FE) 
𝐻𝑡+1 = 𝐻𝑡 1 − 𝐼′

𝑡 + ℎ𝑡𝜌′𝑡
Discrete time framework  
Monthly Time Step
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Literature Review Database information

• 3 separate NEFMC SSC reviews

• Independent peer review 2011

• Grabowski et al 2014.  Assessing the Vulnerability of Marine 
Benthos to Fishing Gear Impacts.  Reviews in Fisheries Science 
& Aquaculture 22:142-155

• New England Fishery Management Council (NEFMC) 2011. The 
Swept Area Seabed Impact (SASI) approach: a tool for analyzing 
the effects of fishing on essential fish habitat. New England 
Fishery Management Council report. Newburyport, MA.
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Alaska-specific literature currently included in Literature Review database



Infauna Prey - clams, polychaetes

Epifauna Prey - brittle stars, 
amphipods

Non-living Structure - sand waves, 
rocks

Living Structure - Anemones, 
sponges, coral

Classification of Habitat Features



Sediment

230,000+ points with 6,000+ sediment

descriptions coded into 5 sediment 

classes:

Mud

Sand

Granule/Pebble

Cobble

Boulder



Susceptibility

Susceptibility 
code

Susceptibility

0 0 – 10%

1 10 – 25%

2 25 – 50%

3 >50%



Recovery

Recovery code τ

0 <1 year

1 1 – 2 years

2 2 – 5  years

3 >5 years
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Evaluate Susceptibility & Recovery  matrices

Susceptibility & Recovery can be estimated for each gear/feature interaction

Gear: Trawl

Substrate: Mud

Feature name and class – G 
(Geological) or B (Biological)

Gear effects Literature high Literature low S High S Low R High R Low

Biogenic burrows (G) filling, crushing 334, 408, 409 97, 101, 313, 333, 336, 
407

2 2 0 0

Biogenic depressions (G) filling 236, 408, 409 101, 247, 336 2 2 0 0

Sediments, surface (G) re-suspension, compression, 
geochemical

88, 92, 211, 236, 330, 334, 
406, 408, 409, 599

88, 97, 211, 247, 277, 
283, 313, 320, 333, 335, 
336, 338, 372, 407, 414

3 3 0 0

Amphipods, tube-dwelling (B) – see 
note

crushing 34, 113, 119, 211, 228, 292, 
334, 408, 409, 599, 658

89, 80, 97, 113, 149, 320, 
575

1 1 0 0

Anemones, cerianthid burrowing (B) breaking, crushing, dislodging, 
displacing

none none 2 2 2 2

Corals, sea pens (B) breaking, crushing, dislodging, 
displacing

none 101, 164 2 2 2 2

Hydroids (B) breaking, crushing, dislodging, 
displacing

408, 409 368 1 1 1 1

Mollusks, epifaunal bivalve, Modiolus 
modiolus (B)

breaking, crushing, dislodging, 
displacing

21, 34, 368, 408, 409 89, 203, 360, 368 2 2 3 3



Impact dynamics

Impact = (Nominal area swept) X (Contact adjustment) X (Susceptibility) 

𝐻𝑡+1 = 𝐻𝑡 1 − 𝐼′
𝑡 + ℎ𝑡𝜌′𝑡



Impact = (Nominal area 
swept) X (Contact 
adjustment) X 
(Susceptibility) 

Nominal Area Swept & Contact Adjustment



Increasing spatial resolution & accounting for 
overlapping fishing impacts
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LEI model

FE model

Swept area 
calculation



Buffered by

gear width

Catch-in-area database (CIA)

Impact = (Nominal area swept) X (Contact adjustment) X (Susceptibility) 

VMS Catch-in-

Areas database
Nominal Area Swept
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(CIA database)

Gear

𝐻𝑡+1 = 𝐻𝑡 1 − 𝐼′
𝑡 + ℎ𝑡𝜌′𝑡

H : habitat undisturbed from fishing

h : habitat disturbed from fishing

I’ : monthly impact rate

ρ’ : monthly recovery rate

Contact Adjusted Swept 

AreaNominal Swept Area

% Bottom Contact

Habitat
Sediment Types

(N = 5)

Habitat Features

Biological - Geological



Example 
output
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Catch-in-area database (CIA)
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Example 
output
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Habitat Reduction by species life stage 
(GAM/MaxEnt + FE model)

Example 
output



Habitat Reduction, all gears

Example 
output
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0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

20,000

Longline Sets

Non-pelagic Trawls

Pot Lifts

Pelagic Trawls

Bering Sea

Year

Non-
pelagic 
Trawls Pelagic Trawls

2005 11846 15674

2006 11264 15968

2007 11407 16074

2008 14287 12837

2009 11527 10092

2010 11896 9143

2011 12928 17439

2012 12720 15159

2013 14800 14669

2014 14982 14718

Grand 
Total 223579 245268

AVERAGE 12765.7 14177.3
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Habitat Reduction, NPT in the Bering Sea
Example 
output
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Seabed Contact Sensitivity Analysis



1. The FE model is cast in a discrete time framework.

2. The FE model implements monthly tracking of fishing impacts and habitat 

disturbance.   

3. The FE model draws on the  VMS-enabled Catch in Areas (CIA) database to use 

the best available spatial data of fishing locations. 

4. The FE model incorporates the extensive literature review conducted by the New 

England Fisheries Management Council (NEFMC 2011) to estimate susceptibility 

and recovery dynamics.

5. The FE model can incorporate model-based EFH species descriptions
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Future Work

Rooper et al. 2015

GAM modeling of sea whip presence

Model validation 

Incorporate variability into model outputs.

Incorporate non-fishing effects as impacts or 
covariate on recovery.

Environmental/seasonal covariates on recovery.

Successional processes - current FE model has 
two states (impacted and un-impacted).  H → h1 

→ h2 → h3 → H

Test use of habitat GAMs to replace sediment-
based categorization

Efficacy of Marine Protected Areas & 
Management Actions
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