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Science, Service, Stewardship

Ecosystem-based fisheries management
in the Alaska Region NOAA

Kerim Aydin(*) FISHERIES
Alaska Fisheries Science Center SERVICE

(*) Contributions from: Pat Livingston, Anne Hollowed, Jim lanelli, Jeff
Napp, Mike Sigler, Al Hermann, Ivonne Ortiz, Kirstin Holsman, Matt Baker,
Olav Ormseth, Stephani Zador, Steve Ignell

Examples of Ecosystem-based Management Actions

- OY cap on total groundfish CAP on TOTAL TARGET CATCH
yield Total yield < 2 million tonnes

= No target fisheries on forage —
designation of ecosystem
component stocks

* Minimum biomass threshold
in harvest control rule for sea
lion prey species

= Trawl closures, bottom
trawling restrictions .

e Single species FMPs converted
to place based or multispecies
based FMPs or FEPs




NOAA Integrated Ecosystem Assessment Program
http://www.noaa.gov/iea/ (note: EBM vs. EBFM)

Define Ecosystem Management
Goals & Targets

The NOAA
IEA Process

Management Strategy
Evaluation

MSE is useful to help resource

managers consider the systam

trade-offs and potential for

successinreaching a target Implement Refine Goals

which helps make informed Management  and Targets or
decisions. It uses simulation - Indicators

through ecosystem modeling
to evaluate the potential of

different management

strategies to influence the Monitoring
status of natural and human of Ecosystem
system indicators and to Indicators
achieve ourstated ecosystem

objectives.

Assess Ecosystem

During this step, individual indlicators
are considerad together to further

evaluate the overall current status or coneli-
tion of the ecosystem relative to threats and
tisks, historical state, and to ecosystem manage-
ment goals and targets.

Taking, Monitoring, and Refining Action
Basad on the MSE, an action is selected and implemented (on occasion the goal and/
ortarget may need to be refined rather than take an action). Monitoring of indicators
is important to determine if the action is successful; if yes, the status, trends, and risk
1o the indicators continue to be analyzed for incremental change; if not, either goals and
targets or indicators need to be rafined as part of adaptive management.

The IEA process involves manager
engagement to identify critical ecosys-
tem management goals and targets 1o
be addressed through and informed by
the IEA approach. The rast of the
process is driven by these defined
objectives. Engagement is continual
throughout the entire IEA process.

Develop Ecosystem Indicators

Indicators represent key
components in an ecosystem
and allow change to be mea-
sured. They provide the basis to
assess the status and trends in
the condition of the ecosystem
or of an element within the
system. Indicators are essential
or all subsequent staps in the
IEA approach.

Ecosystem models are used to evaluate the status,
trends, and risk to the indicators posed by human
activities and natural processes. This step is important in
detarmining incremental improvemeants or declines in
ecosystam indicators in responsa to changes in drivers
and pressures and to predict the potential that an
indicator will reach or remain in an undesirable state.

For more information visit: wwwncaa.gov/ies

Ecosystem-based fishery management —

Strategic planning

Overview of the
Aleutian Islands
Fishery Ecosystem Plan

www.fakr.noaa.gov/npfmc/current_issues/ecosystem/AIFEP12_07.pdf
www.fakr.noaa.gov/npfmc/current_issues/Arctic/arctic.htm

alaskafisheries.noaa.gov/habitat/efh.htm
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Council Research Priorities

— The Council would also like to highlight several
current Council initiatives that are of high priority, and
notes the research priorities that specifically relate to
these initiatives:

— Build Integrated Ecosystem Management capabilities
(related research priorities: 110, 125, 142, 194, 198,
200, 203, 204, 205, 216, and 217).

Fishery management:
e izizzr;:czu;\;g Biological data: annual process

Catch at age, size
\ Stock /
assessment

Plan Team Review
Initial ABC OFL

Life history

Scientific & Statistical
Committee
Final ABC OFL

North Pacific Fishery
L¥Y Management Council P'd ’i":’;:j'f
Final TAC specifications

Advisory Panel
Initial TAC
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Research survey Physical data:

Abundance data Biological dat Climate, Fishery dat
o Biological data: iological data: '\ apjtat indices ishery data:
Commercial fishery Catch at age, size Food habits, Effort, gear,

Catch data \1\ e pistory nontarget species nontarget catch
Y Stock / \\\“ Ecosystem
assessment assessment

Initial ecosystem

integration (EBFM)

Scientific & Statistical
Committee
Final ABC OFL

i North Pacific Fishery i
Public Management Council g ©ublic
input input

Final TAC specifications

Advisory Panel
Initial TAC

NOAA

FISHERIES
SERVICE

Methods of Using Ecosystem
Information in an ACL context

e Tactical

— Quantitative incorporation into a single species assessment
model: M2, environmental or habitat variable

— Qualitative evaluation of ecosystem factors in annual ACL
process: suites of variables that may impact production

» Strategic

— Management strategy evaluations (MSES) to examine
robustness of harvest strategies

—Quantitative suites of ecosystem indicators and aggregate
indices
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Table 15.14. Ecosystem effects
Ecosystem effects on Atka mackerel

Indicator Observation Interpretation Evaluation
Prey availability or abundaice rends
Zooplankton Stomach contents, ichthyoplankton ~ None Unknown
surveys
Predator population trends
Marine mammals  Fur seals declining, Steller sealions  Possibly lower mortality on Atka  No concern
increasing slightly mackerel
Birds Stable, some increasing some decreasing Affects young-of-year mortality  No concem
Fish (Pacific cod,  Pacific cod and arrowtooth abundance  None No concern

arrowtooth flounder) trends are stable
Changes in habitat quality

. Temperature regime 2006 AT summer bottom temperature  Could possibly affect fish Unknown
I n CI u d I n slightly below average (excl. 2000)  distribution
The Atka mackerel elTecls on ecosystem
Indicator Observation Evaluation
Tishery contribution to bycaich
e C 0 Syste I I I Prohibited species  Stable, heavily monitored Likely to be aminor contribution  Urknown
to mortality
Forage (including  Stable, heavily monitored Bycatch levels small relativeto  Unknown
1 H herring, Atka forage biomass
considerations
pollock)
HAPC biota Low bycatch levels of scapens/whips,  Unknown Possible
q (seapens/whips,  sponge and coral catches are variable concem for
IN each stoc i e
anemones) corals
Marine mammals  Very minor direct-take Likely to be very minor No concern

and birds contribution to mortality

assessment B g S s v e e et e i P
averaged 87 t from 2003-2005, catch information concem

species
which is about 14% of the AI skate

catch over this time period
Other non-target,_ Sculpin catch is variable, large increase Unknown Unknown
speci in bycatch in 2004
Fishery concentration in_Steller sea lion protection measures  Mixed potential impact (fur seals _ Possible
space andtime spread out Atka mackerel catches in v Steller sea lions). Areas outside concem

time and space. Fishery has expanded o critical habitat may be
and concentrates in other areas outside experiencing higher exploitation
of critical habitat rates.

Fishery effects on amount Depends on highly variable year-class  Natural fluctuation Probably no
oflarge size target fish _strength concem
Fisher i Offal prod i The Atka mackerel fishery is one  Unknown
discards and offal The Atka mackerel fishery contributes  of the few trawl fisheries operating
production an average of 690 (58%), and 6,100 t of inthe AL Numbers and rates

the total AI trawl non-target and Atka  should be interpreted in this

mackerel discards, i context.
Fishery effects on age-at- Unknown Unknown Unknovn

maturity and fecundity

Regional Examples:
Tactical
. temperature-catchability model result
* EBS yellowfin sole temperature 2 155
dependent survey Q &' 145
1 1.35
EDE 1.25 g‘
«  GOA walleye pollock B20 g o -
. -
threshold for Steller sea lions a5 oes 3
- oes ¥
2
g"f 075
» Natural mortality from predation 2 085
estimates of octopus, crab 8 ose
140%
OFL definition
BS Consumption of Octopi (t/year) E 120% "::DC‘ ‘m::‘:::ﬂﬂ SSL protection measures
f, 100%
- ‘;3 80%
:—:E 60%
T ‘!—’ — £ 40%
: 3 4 %2 &£ & 3‘ ] 2
=25 &£ £ 3 4 ¢ % G 0%
a = ‘g’ w e E X e
3 8 0%
é 0% 20% 40% 60% 80% 100% 120%
Percent B 155 Spawning biomass
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Multispecies & multi-fisheries management

Fisheries

Multispecies
Bycatch Model
(lanelli)

Forage and
Euphausiid
Abundance in
Space and Time
(FEAST); Aydin
et al. North
Pacific Research
Board

concerns in a timely fashion
— Endangered species issues
— Bycatch impacts
— Ocean acidification
— Oil and gas development

MSVPA/
Multispecies
Statistical
Model (Jurado-
Molina et al.)

Ecopath/Ecosim ‘
and Ecosense 4 d
(Aydin et al.)

http://access.afsc.noaa.gov/reem/ecoweb/index.cfm

*Current and archived versions available
*Ongoing support from the FATE program
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recast (K}

Relative CPUE

e Warm years Cold years

Raw materials for the
assessment

Recruitment Index

Survival Rate Index
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Ecosystem Assessments
at the Alaska Fisheries Science Center

Goal: to provide a synthesis of current and
relevant scientific advice for fisheries managers

New indicator-based assessments:
» Eastern Bering Sea (2010)
* Aleutian Islands (2011)

Same methodsss)  Different
product

Ecosystem comparison e~ =g
57 it

_ Eastern Bering Sea Aleutian Islands

Habitat Broad, flat, muddy shelf. Extensive rocky island chain,
Valuable fisheries -> deep trenches, oceanic basins.
Lots of fish-related research. Smaller-scale fisheries (and
research)

Team members:
NOAA
Academia
Management
Commercial
Other Fed
Non Profit
Research sponsor

Structuring theme Production Variability

Indicator focus Broad, community-level, Characterize global attributes
indicators of ecosystem-wide with local behavior
productivity, and those most
informative for managers




North Pacific Index

Ice Retreat Index
Euphausiids/Copepods
Motile epifauna biomass
Benthic foragers biomass
Pelagic foragers biomass
Fish apex predator biomass
St Paul fur seal pups

St George thick-billed murre
reproductive success

Area trawled

ering in 2013

cean temperatures remained ¢

Eastern Bering Sea 2012 Report Card

Climate

Zooplankton

Forage fish
Fish biomass

Marine
Mammals

Seabirds

Humans

Report Card

North Pacific Index

Auklet reproductive success
Tufted puffin chick diets
Pelagic foragers biomass
Fish apex predator biomass
Sea otters

Steller sea lion non-pups
Area trawled

K-12 enrollment

"] *Thick Billed

o i i
e e 4 v, e e o , ,T . e

"'] St Panl Mg el bap

ge in 2012,
Jons were

e long term

2008-2012 Trend

) merease by 15.9. over tme window
) secrease by 1 5.0, over tme wingow
© change <1 .. over window

x fewes than 3 data points.
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Research survey Physical data:

Abundance data Biological dat Climate, Fishery dat
o Biological data: iological data: '\ apjtat indices ishery data:
Commercial fishery Catch at age, size Food habits, Effort, gear,

Catch data Life history nontarget species nontarget catch

y  Stock Ecosystem
assessment indicators

) Ecosystem
Plan Team Review Synthesis Team
Initial ABC OFL Al, EBS, GOA
Ecosystem
Assessments

Scientific & Statistical
Committee
Final ABC OFL

Advisory Panel
Initial TAC

Key: presented to SSC and

oubic Y| North Pacific Fishery (977 Council /mmediately prior to
input JeVanagement Councitggd - setting specifications

Final TAC specifications

Goal: formal ecosystem thresholds

* Example: 2 million MT cap on total removals from the
Bering Sea.

® Future development (e.g. through the Fisheries and the

Environment (FATE) program):
Ecosystem Nested risk indices of IFRAME

Fishery A

Species 1
Objective 5 .. [OR]]
Objective B ... ORI }
Objective H .. ORI L e
Objective E ... ORI | Z..

Species 2 -1
Objective S ... ORI
Objective B ... ORI |
Objective H .. ORI
Objective E ... ORI

Fishery B
Species 1
Objective 5 ...
Objective B
Objective H
Objective E .

Species 2
Objective S
Objective B
Objective H
Oblactive £

10



EBS trawl impacts moiiedfrfh

e

Integrated Fisheries Risk Assessment for Method for
Ecosystems (Zhang et al. 2009)

=Biomass
=Fishing
intensity
Habitat size

sEmployment ELELE
=Average wage \LL LGS
=Profit-per-vessel

Guild Catch and
Exploitation Rates

Pelagic foragers aggregate biomass

Benthic foragers aggregate biomass

Fish apex predators aggregate biomass

Motile epifauna aggregate biomass

2| Pelagic foragers FxpRate

6| Benthic foragers ExpRate | i
A

Motile cpifauna ExpRate ’_’/\\H i H
: e~ 3 e ¢ ©

=Habitat
damage
=Discarded
wastes
=Habitat
protection

=Discards
Biodiversity IR JEVE]
=Diversity
=Integrity of
functional group

5

500

F, P A— \vm*\_.f'\ -"?@w-‘ . e

Apex predators ExpRate

2011-2012 SAFE Projection

2005-2010 (five-year) trend
o increase by >1 s.d. over five years

2005-2010 (five-year) mean
o > 1s.d. above mean
° >1s.d. below mean

® within 1 s.d. of mean

0 decrease by >1 s.d. over five years

€ change <1s.d. over five years

X less than 2 data points X less than 3 data points

9/16/2013
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Similar distributions across the guild,
but partitioning within that space

Eastern Bering Sea

Total System -

Pelagic Piscivores -

Planktivores -

Demersal Piscivores -

Benthivores -

00 02 04 06 08 10 12 14

Habitat

Ecosystem Index

Sensitivity

Habitat Risk

1) T, Rocky
2) 1T, mud

3) T, Boach

4) 1T, Sat marsh

5) Goastal, Seagrass

6) Coastal, Ketp forest

7) Coastal, Rocky

8) Coastal, Suspension reef
9) Coastal, soh benthic

10} Shel, pelagic

11) Shel, soht benthic

12) Shet, hard benthie

13) Shel, lee

14) Oceanic. Sott benthic:
15} Oceanic,Hard benthic
16 Ocaanic, Deep sof benthic
17)Oceanic, Deep sesmount
18) Oceanic, Vent

19} Oceanic. Soft canyon
20) Oceanic, Hard canyon
21) Oceanic, Upper pelagic
22) Oceanic, Deep pelagic

9/16/2013
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Interactions - Ecosystem Assessment

Impact of interaction

Risk Assessment

Oil spill on

high

low

Change
rookery shipping routes?

Increase
Atka
fishing?

Cod
eat
Atka

low Probability of interaction  high

. | high
o 4
g 6 A
£ " ol oy 2
=. 5 K a
= ®b
8
5 medium mc - f
o 3w
g_.)’ — mm # i
o *e v
e 4 g &4
8
£ .
8 4
low L L]
A X
low medium high

Figure 4-4 Characterization of interactions in terms of probability of occurrence and a combined

Probability of occurence

a - CP-Water temp
b - CP-Acidification
¢ - CP-Nutrient

d - CP-Weather

e CP-Seismic

g - PP-Predation

h - PP-Prey base
i- PP-Apex Preds
j- ESA-Seabirds

k - ESA-Mammals
|- F-Removals

m - F-Habitat

n - F-Byccatch

o - F-Subsistence
p - F-ltd entry

q - SE-Military

r - SE-communities
s - SE-oil&gas

- SE-Shipping

u - SE-Adak processor
X - SE-Research

ecological multiplied by economic impact. Shaded area in upper right quadrant
highlights those interactions with a medium to high probability of occurring and
likely impact.

9/16/2013
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Challenge 1: Ecosystem Science

Ecosystem Nested risk indices of IFRAME
Fishery A
Species 1 -
Objective S ..[ORI]
Objective B ... ORI HSRI] 2
Objective H ... ORI ORT=—
Objective E ... ORI . Z:s:
Species 2 | i=1
Objective 5 ... ORI”
Objective B ... ORI |_gg, | | SRS = AORI < + Az ORI 5 + A5 ORE 5 + Az ORI 5
Objective H ... ORI
Objective E ... ORI

A st A AR Ly

ORI .
Fishery B ORI, &
Species 1 ORI,
Objective S ... ORI’
Objective B ... ORI |_gR|
Objective H ... ORI
Objective E ... ORI |
~FRI 7
Species 2
Objective S ... ORI
Objective B ... ORI }»SRI /
Objective H ... ORI
Objective E ... ORI

What Controls Trophic Interconnectivity

in the eastern Bering Sea?

Bering Ecosystem Study
(BEST)
+
Bering Sea Integrated Ecosystem Research Program
(BSIERP)

BEST-BSIERP Bering Sea Project

Alaska Marine Science Symposium Michael Lomas (Bigelow Lab) &

Anchorage, Alaska Phyllis Stabeno (PMEL)
January 23rd, 2013 (on behalf of the larger program)

2
o
=
S
=
=
2
17}
a
ST
;% r:

-

‘;*
«:-}.

http://bsierp.nprb.org/
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BEST-BSIERP Bering Sea Project
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The Project is an ‘End-to-End Ecosystem Study’

Humpback
and fin whales

arrowtooth flo

Commercial/subsistence Kittiwakes andmurres,
fish: Pollock, cod,

fur seals, walrus
P

under

rest |

-

Forage species:

Juvenile pollock,| capelin,

myctophids

Y

NPZ:
Ichthyoplankton,
euphausiids,
copepods,
phytoplankton+

Ay . |

Atmosphere/ocean ‘

[
| Cimstescenados

fauna:
Bivalves,

gastropods,

polychaetes

Importance of Seasonal Sea Ice:
Ice algae: Importance to early reproduction in copepods

Calanus spp. Adult Females
N

Ingestion (%body C d'l)

16

F14

=

_512
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>
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s3]

2 8

5

Z 4
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22
0 r2=0.72
0 5 10 15 20 25 30 35 40

Chlorophyll a, ug/l

° T. raschii

5

4

3

2 L]

r X
1 e ® Imax=263% bodyCd’
r2 =0.71
0
0 10 20 30 40 50 60

Chlorophyll a (ng I'™")

Both Calanus spp. and T. raschii have higher ingestion when feeding on ice
algae (green) than when feeding on ambient water column phytoplankton

(bl

ue)

Campbell, Lessard, Ashjian
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BEST-BSIERP Bering Sea Project
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Large Zooplankton Increase in Cold Years:

Large zooplankton (No. m-3)

——large

180 12000

- ~m-small ’”,?

10000 £

140 S

<

120 8000 —

o

o

100 =

6000 &

80 ©

e

60 4000 3§

N

40 —

2000 g

20 7
0 0

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Cold years favor the increases in abundance of large
zooplankton at the expense of small zooplankton.

L. Eisner et al., submitted.

Water Temperature, pollock and euphausiids:

¢ Recruits / Spawner

<

301
—8— age-1r/s o
25+ —8— age-3r/s
2
20+ R =0.832
15
10 LE
2012 AEC [ ]
6.52 k1/fish
54 __._________—.
. s R’=0.730
04
T T T T T
5.0 7.5 10.0 12.5 15.0

AEC (3 / fish)

AVE. CHEIEY CUIILETIL (RJ/ 11511)

25S
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:ll Water Temperature, pollock and euphausiids:
E L ]
% .Tg 8 T ] ., .
£ > CaN . Above
o 33 average
w 4
0
i 33
i S
@ o
kS Below
€ 2 average
Q’ "
>
>

65 75 85 95
Mean summer (Jun-Sep) SST ('C)

bsierp.nprb.org

]

N

Modelled conditions for juvenile pollock survival are associated with
moderate temperatures

Meuter

The Bering Sea Project

BEST/BSIERP Research Program
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Southeast Bering depth-averaged

tem perature
thin line = weekly ave; thick line = 5-year smoothed

l
|

CORE hindcast|
CFSR hindcast_
IPCC forecast

.8

T T
1970 1980 1990 2000 2010 2020 2030 2040

Focus on dynamic habitat (e.g. Barbeaux, Spencer et al.)

o
B3

3

Warm years Cold years

By

&

y=0.8292x+0.1178
R =0.7565

Summer Cold Pool (% of survey area) ROMS
e ©°© o o o o o
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o
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Summer Cold Pool (% of survey area) data
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FEAST
11 ages/ 15 lengths ;
high detail

15 lengths
medium detail

biomass pools
low detail

Prey Fields and temperature — foraging
potential for an 8 cm (age 0) pollock

July 18975 (cold) July 2004 {warm)

July 2008 {cold)
2o —

9/16/2013
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Age 0 pollock seasonal Forage Potential (FP) and stock-
assessment estimate of year-class strength

Colors show
ranked stock-
assessment
year-class
strength from
weakest (blue) to
strongest (red)

Age 0 foraging ootanta

Week of year

Gulf of Alaska IERP

Legend
@  MTLsites depth (m} S
= LTL-enly stations 100 \5:\\,-'_/
e |ERF commonstations 290 \—\\U;
= Seward Line — 1000 *
@  EGOA_moorings
@ CGOA_moorings

Comparative approach

9/16/2013
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GOA breakpoints - oceanography

B - - g M

T b g 1 e

(Waite, Mueter)

GOA breakpoints — fishes — CPUE & diversity

CPUE"0.25

— CPUE
== CPUE break
1 — Diversity

~~ Diversity break

16

14
Species Diversity

Alongshore Distance (km x 100)

(Waite, Mueter)

9/16/2013
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individual-based model (IBM):

arrowtooth flounder
(Buck Stockhausen)

g fu
om0

Habitat/Depth Zones

MNurseryAres 000 1o 050m

Nurseryarea 050 to 150m
B intormediate Shalf Zone
I spawning Area 300 to 600
B oftshelf Zone

I ceepsea Zore

continental shelf

Aug-Oct

60E  120E 180  120W  6OW

* The Climate Forecast System (CFS) — a global coupled
air/sea/land model —is used for boundary conditions

and atmospheric forcing of an established ROMS-
based regional model
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CFS prediction of ENSO and PDO

as—L 1 - I T S | I T N S A I i
91 82 83 84 05 66 87 88 69 90 9 % 93 94 95 9% 97 W 9 00 01 02 03

3 T foMino3dindex,

Wen et al, 2012

May actually be better at predicting
biology due to biological integration
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Recruitment Processes Alliance

. Goals

o Improve walleye pollock stock assessment
o Address salmon bycatch
« Alliance of major AFSC programs

o Eco-Fisheries Oceanography Coordinated
Investigations (with Pacific Marine
Environmental Laboratory)

o Ecosystem Monitoring and Assessment

o Resource Ecology and Ecosystem Modeling

qﬂvm
:ﬁ““" Phoenet OF "1‘\‘.

Ecoroc

Balance of process studies and
stock assessments

Stock

FD/FI Data
Assessments

Process
Studies

9/16/2013




Data collections used in process
studies

Moorings

Ichthyoplankton surveys

Bottom trawl surveys

Acoustic surveys

Surface trawl/acoustic surveys (aka BASIS)
Nearshore surveys

Many of these surveys also conduct
measurements of physical and biological (e.g.,
zooplankton) oceanography

Ongoing Projects

Integrated Ecosystem Research Programs
Recruitment Processes Alliance
Spatially-explicit ecosystem models (FEAST)
Management Strategy Evaluations (MSE)

IPCC-scenario driven projections (e.g.,
Mueter et al 2011; lanelli et al. 2011)

Bioeconomic modeling of crab fisheries and
ocean acidification

« (Does not cover substantial socioeconomic work)

9/16/2013
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Short Term Objectives for Improvement

Continue to address ecosystem terms of reference in stock assessments (M2,
environmental drivers of recruitment and growth, habitat covariates)
— Develop regionally specific priorities for species and processes to be considered

Continue development of integrated ecosystem assessment frameworks
— Estimate and implement system level thresholds
— Improve modeling capabilities (multispecies, ecosystem)
— Improve integration of environmental data

More explicit rules or processes for defining where ecosystem considerations
should play into ACL decisions for information not already captured in the
current management process
—  Work with Councils/SSCs/Regions and stock t review panels to develop structured
process for considering ecosystem factors
— Develop processes within Science Centers to bring scientists doing stock assessment, habitat
science and ecosystem research together (improve data access)

Continued and enhanced funding for National programs that focus on ecosystem
data collection and integration (FATE, IEA, Habitat, ESA)

— Improve ecosystem data collection

— Continue integration into single species models

— Improve integrated ts at the regional level

Sea Birds

n, Forage Fish
ZooPBRkony
e bound

S, Large -
T Fish M

4 Oid/earbon
/ +

Nutrients

9/16/2013
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Management Strategy Evaluation:
Climate Impacts on Productivity

Age-structured
operating model

ata TAC Climate
data

Management Climate
Strategy Years for Decision rule
defining the

current regime

recruitment
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