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Uncertainty in Stock Assessments

high ﬂ
* Sources of Scientific Uncertainty |
* Data med
* Models \ | -
* Ecosystems low
* |dentifying, Communicating & Reducing Uncertainty o »
* Environmental change Q-af’u \;u“\ Q&éﬁ

* Risk-based management R
€port from the

RISK PoLICYy WORKING GROUP

* Risk Policy

- Addressing Uncertainty
insFisheries-Science

Risk Policy Roaq Map

NEW ENGLAND

FISHERY MAMArrsss. .~



2018 Program Review

* The impact scientific information has on the
performance of the Council

New England Fishery Mana

ement i
Program Review Report g Council

Ani
n independent report prepared by the Frogram Review Panal

* “The level of uncertainty in information and how to deal
with that uncertainty needs to be better appreciated and
understood.”

MAY 3, 2018

* “The Panel recommends that the Council be fully Submittd tothe New England Fihery Management Counci by

informed about the limitations of biological, ecological, — |o sy e e ol € o pemta ace o ey s,
economic and social data and how uncertainty affects

the ability nfor Council staff and others to answer specific
questions.

* “Offer short (1-2 hour) courses/or the Council and
longer-term (1-2 day) courses for staff training in
quantifying, ’interpreting, and communicating

uncertainty.



cil

January 2019 Presentation to Coun

e

* Recommendation 1: Clearly communicate sources,
treatment and impacts of uncertainty

B —
SR e

' - Addressing’ Ugceroi
* Sources of Uncertainty RISTIEIES DL s
» Scientific Sources .
* Data — ‘measurement error’
* Model — ‘estimation error’
* Ecosystem — ‘process error’

* Management Sources — ‘implementation error’

% NATICNAL AQUARIUM

& NATlONAl,_,AQUARIUl\‘l.



Uncertainty in Fishery Data (Measurement Error)

 At-Port

* Dealer reports - census of commercial landings but no information

on fishing effort and some misreporting

* Port sampling — size and age composition but recent decrease in

sampling intensity

* Recreational catch — species and size composition but uncertain

expansion to fishing effort
* At-Sea

* Vessel Trip Reports - census of fishing effort but imprecise location
e Observers - samples of discards with some deployment and

observer effects

* Electronic monitoring - pilot programs estimate discards with high

resolution but not used in assessments

* Vessel Monitoring Systems - higher resolution of fishing location

but not used in assessments
e Catch Accounting and Monitoring System (CAMS) to

integrate monitoring data - peer reviewed last week.

CAMS

Stock Assessment

Quota Monitoring




Uncertainty in Fishery Data (Measurement Error)

* Fishery-Independent Surveys
» Stock trends, size, age composition
* Multiple technologies and survey areas

» Relatively few samples

* Noisy indices for some stocks

* Low precision for some overfished stocks
* Recent changes in survey methods

* Recent missing or incomplete surveys

*  SMAST Drop Cam
—— NEFSC HabCam
—— CFF HabCam

VIMS Dredge

NEFSC Dredge

Maine DMR Dredge
[_] Scallop Rotational Area FY 2021
NGOM Management Area

 Spatial integration of multiple surveys
for some stocks




Uncertainty in Models (Estimation Error)

* Model assumptions: natural mortality, fishery selectivity, recruitment, maturity

* Precision can be evaluated by fit to the data and accounted for in buffers between the
overfishing limit (OFL) and acceptable biological catch (ABC)

* Consistency is measured by retrospective analysis
e Accuracy can be evaluated through simulation

* Projection uncertainty (recruitment, natural mortality, growth, selectivity)
e Estimation and projection error can be reduced by
* more information A Overfishing Limit m?hx‘;?ru&;?:sﬁ:;d cofeh
* best practices in modeling - Addresses scientific uncertainty

* field estimates of predation,
consumption, selectivity and
maturity

Catch in Tons of a Stock

Increasing




Ve \ e Changes in productivity (haral mdrtalty, growth, recruitment)

* Re-evaluation of reference points (maximum sustainable yield) may be
needed for impact d‘l‘ climate change

& * Process errors can be reduced by understanding the ecosystem effects

N and accounting for them in stock assessments.
'n ﬁ |
: ' 7 <
h"‘\. o :}I\‘_q_h-h




Management Uncertainty (Implementation Error)

* Imprecise or biased catch monitoring (misreporting, misrepresentative samples)
* Annual Catch Target (ACT) can be less than the Annual Catch Limit (ACL)

* Implementation error can be reduced by in-season monitoring and enforcement.
ACL Framework

Maximum amount of catch
without overfishing

Overtishing Limit

Addresses scientific uncertainty

Triggers AMs; often = ABC

Optimal, Addresses
management uncertainty

Catch in Tons of a Stock

Increasing

MSA requires:

e Council’s Scientific and Statistical Committee recommend ABC

e Council establishes ACL that may not exceed the ABC

® Exceptions for international stocks and stocks with annual life cycle




ldentifying Uncertainty

e Recommendation 2: Define stakeholder
roles and responsibilities

 Scientists and managers should work
collaboratively in the fisheries science and
management process so that they
understand their responsibilities and
interactions relating to uncertainty.

* Fishery management plans involve longer-
term objectives and strategies.

* Fisheries Ecosystem Plans and Integrated
Ecosystem Assessments provide long-term
information on the marine ‘climate’.

22 NATIONAL AGUARIUM.
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Reducing Uncertainty

* Strategic allocation of investments in fishery-dependent and independent data,
modeling and assessment processes can reduce uncertainty.

« Recommendation 3: evaluate benefits and costs of additional research,
investments in data, or application of new methods for stock assessment.
* A prioritization plan should focus resources to reduce uncertainty and risk.
 Management Strategy Evaluation (MSE) can be particularly useful in this process.

e Recommendation 4: Congress and the Administration should support the
Magnuson-Stevens Act with greater investments in the science needed to
achieve its goals.

e Particular attention is needed for recreational fisheries and data-limited situations.

@ NATICNAL AQUARIUM.
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Reducing Uncertainty

e Recommendation 5: Prioritize improved catch accounting
* When the benefits outweigh the costs, accurate catch accounting should be prioritized.

e Recommendation 6: Focus on cooperative research
* Managers should invest in cost-effective cooperative research.

e Recommendation 7: Explore new technologies
* Advanced technologies can improve fisheries-dependent and independent data.

=7 EM control centre monitors sensors,
' records data and displays system summary

Satellite modem reports system

" Video cameras record fishing | | statuswith hourly updates
- activity from multiple views ‘

GPS receiver tracks vessel route and
pinpoints fishing times and locations

Hydraulic and drum-rotation sensors
/- monitor gear usage to indicate fishing activity

ottt === - Copyright 2012 Archipelago Marine Research Ltd.
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Reducing Uncertainty
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< endation .8. Address frequency of stock assessments
romote the application of new information
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Abstract
Fizheries manage

the risk of depletion iz at an acceptable level.
availability may differ substantially between fish

sysiems, where tiers repre-

ment needs to ensure that resources are exploited sustainably, and

However, often uncertainty about re-

source dynamics exists, and data
n can be addressed through tigred

stocks. This situatio
assessment methods are de-

sent different data firitations, and tier-specific stock

fined, aiming for risk squivalence across tiers. As case studies, we selected stocks of

¢ cod and Atlantic herring, where advice is provided by the
5). We conducted a closed-
data-rich ICES MSY rule,

European plaice, Atlanti
suncil for the Exploration of the Sea (ICE
& between the
d the revised data-limited empirical man-

International T
loop simulation to compare fisk equivalenc
based onaqua ntitative stock assessment, an
agement pracedures of the ICES advice framework. The simulations indicated that
the data-limited gpproaches wers precautionary and did nat lead to & higher risk of
roach. Although the catch based on generic data-

depletion than the data-rich app
ved management

\ower, stock-specific optimisation irmnpro
rable with the data-rich approach. Furthermore,
¥ rule can fail to meet ma nagemant objective
e set subopti

limited approaches was
performance with catch levels compa
the simulation indicated the ICES M5
risk when management reference points ar

due to increased depletion
system explicitly accou nt fo

nclude that the recent revisions of the ICES
imited fizheries manageme nt amn

onsideration of simple empi rical
to meet fisheries manags

mally. We co
4 are a major step forware

risk equivalence for data-|
Finally, we advocate further © management Proce

dures irrespective of data limitations due 0 their ability

ment chjectives with greater simplicity.

KEYWORDS

armirical. genetic slgorithm, m anagament pracedure, management strategy ayaluation,



2022 State of the Ecosystem
New England

Considering Environmental Change

e Recommendation 10: Expand fisheries
oceanography research

% New England Fishery

anagement Council

* Recommendation 11: Integrate ecosystem science
into stock assessments

SIS Colings Determineas
f g ea
will set three different types of catch ceiling;r-mnage's

e Recommendation 12: Prepare for environmental
shifts through education, control rules and

L]
reference points g e
> | the species biomass figars

ol Rules for New England Croundfish

i { Alternative Harvest Cont Potential Challenges
. . . - : tion of - :
influences on stock dynamics. Consider findings, as Evalua

appropriate, in addressing other TORs

ToR 1. Identify relevant ecosystem and climate
-
esse!, and Lisa Kert

. s ;
Mackenzie Mazur. Steve Cadnn’. Jerelle

Street. Portland. ME 04101,

P

~

ToR 2. Estimate catch from all sources including
landings and discards.

ToR 3. Identify the appropriate survey data to be
used in the assessment.

ToR 4. Use appropriate assessment approach to
estimate annual F, R, SSB.

ToR 6. Define appropriate methods for producing
projections...

ToR 5. Update or redefine status determination
criteria.

ToR 7. Review, evaluate, and report on the status
of research recommendations...

{ ToR 8. Develop a backup assessment approach... J

earch Institute, 350 C‘oumj.ercml
) mmazoril gmn.?ig
;836 Rodoey
31 . Technology. 83
ne Science & R

1Gulf of Maine Res

3gchool for Marl

Movembet 23 2021

French Boulevard, New Bedford.

Woods Hole Assessment
Model

Stock Assessment Model
staftistical Catch-al-Age

release wl.0.4




Risk-Based Management

. o . Report from the
e Recommendation 13: Adopt explicit risk RISK POLICY WORKING GROUP
policies
* Incorporate considerations of risk (likelihood
and severity of cqnsequences) mto.ﬁsherles Risk Policy Road Map
management actions and communicate
risks.
NEW ENGLAND
* Many ABC control rules include an implicit ———

risk tolerance, but other risks in the fisheries
management system are confronted in a
much more ad hoc manner.

* Council decision to revisit risk policy in
2023 (tomorrow’s agenda)

June 10, 2016

NwEngl nd Fisher ery Management Co uncil
50 Water Street
Newburyport, MA 01950

@ NATICNAL AQUARIUM.



Risk-Based Management

e Recommendation 14: Adopt formal procedures to communicate risk

* stock vulnerability, availability of data, and the perspectives of fishery participants (e.g.,
stability of the fishery from year to year).

Northeast Regional Coordinating Committee

AvsatvenT =— Ssc¢
*MTH‘DK 1 Assessment Lead or Group
|

V Review Panel

RENIEW — \
m < > (‘/D "'N W, Scientific & Statistical Committee

@ NATICNAL AQUARIUM. Council



Management Strategy Evaluation

e Recommendation 15: Test
management procedures for
robustness to uncertainty

* MSE workshops can improve
communication of uncertainty

e Performance of alternatives
accounts for uncertainty in data,
models, ecosystem and
management.

* Process is relatively expensive and
time consuming.

% NATICNAL AQUARIUM.

Performance
Statistics
related to

resource
Process variability and data for skatus and

assessments generafed- with caiches
measurement uncertainty

Performance
Statistics
related to
accuracy of
assessments

Estimation uncertainty in
assessment procedures

Include implementation uncertainty
dve to imperfect management



Council Risk Policy (2014) Objectives

* Recognizing that all fishery management is based on uncertain information and
that all implementation is imperfect, it is the policy of the New England Fishery
Management Council to weigh the risk of overfishing relative to the greatest
expected overall net benefits to the Nation.

* The purpose of the Risk Policy is to:

1. Provide guidance to the Council and its subordinate bodies on taking account of risk and
uncertainty in Fishery Management Plans and specification-setting;

2. Communicate the priorities and preferences of the Council regarding risk and uncertainty
to NOAA Fisheries; and

3. Make fishery management more transparent, understandable, and predictable while
better achieving FMP objectives in the face of uncertain information and imperfect
implementation.

New England
Fishery Management
Council



Council Risk Policy (2014) Strategic Approaches

1. Account for the probability of an undesirable outcome and the negative impact
of the outcome.

2. Account for cumulative effects of risk at all levels of the fishery management
process (e.g., estimation of OFL, ABC, ACL, ACT, and setting accountability
measures).

3. Harvest control rules and management procedures will consider stability in the
face of uncertain information and inherent variability in ecosystems.

4. Implementation of the policy will be analysis-based, using methods
commensurate with the importance of short and long-term tradeoffs between
conservation, ecosystem roles, and social and economic benefits.

New England
Fishery Management
Council
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