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3 things we assume to be true




. All reference points are wrong
some reference points are useful.

“All models are wrong, but some are useful”.

George E.P. Box

https://www.lacan.upc.edu/admoreWeb/2018/05/all-
models-are-wrong-but-some-are-useful-george-e-p-box/




. Stationarity is a key premise of the
underpinning of passive adaptive management.

: standing
still; not moving.

having a fixed
position; not
movable. established
in one place; not
itinerant or
migratory.

: In a stationary
system, if we observe the
system at two times, we
cannot, based on the
observation, know with any
certainty which of the two
times came earlier.

Stationery is a
mass houn
referring to
commercially
manufactured
writing
materials, ...



. Stationarity is a key premise of
the underpinning of passive
adaptive management.

In a stationary system, the longer
we observe the system the more
we learn (i.e., we get better
precision).

This is not the case (in general) for
non-stationary systems.

Punt et a. Fish Res 2020
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Environmental-driven changes in biological
parameters are common

Dome-shaped Maonotonic Regimes

Stocks with/shifts
Drivers v SpBio Env SpBio SpBio and/or Env in average Mean length
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What do we know about time-variation in
parameters and can we link it to climate?
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Most links between climate change (rather than environmental B R g
variation) and biological parameters are (currently) inferences g -
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It is time to recognize that the assumption of

stationarity is and it is necessary to adjust

assessments and HCRs to account for

environmental variation (process error) and the P A .

impact of systematic changes in parameters due to A
climate change. ya\ ANSWERS »

do we know how? And what are the
consequences of the “wrong call”?

plex but
comp r?g(ht

AQUATIC AND FISHERY SCIENCES
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All environmental effects
are not created equal

We need deal with the following types
of impacts

e Random (perhaps with autocorrelation)
* Regime-shift-like

* Trend (permanent change in the mean)



Harvest Control Rules

The default approach is to “ignore”
changes in productivity except to
project weight-at-age and selectivity-
at-age when computing OFLs and
ABCs, etc.

targ

. _ Biomass
But this ignores environmentally/

climate-driven changes. MSY is “Maximum sustainable yield (MSY) is
the largest long-term average catch or yield
that can be taken from a stock or stock
complex under prevailing ecological and
environmental conditions”.




Short-term and long-term co rations

Shorter-term consider

e \Values for biological par
* How to assess sto
e How to deal with

CRs.

 Changes in strategic t
trade-offs among (new) conflicting objectives.
 Changes in distribution (and hence allocation issues).

AQUATIC AND FISHERY SCIENCES

UNIVERSITY of WASHINGTON



Short-term considerations

The key steps we need to address in the short-term (aka now) are:

« When to decide that the (whole) past is inadequate
to characterize the future.

Which parameters to allow to be time-varying

 What does this imply for existing HCRs and
reference points?

AQUATIC AND FISHERY SCIENCES

UNIVERSITY of WASHINGTON



Current ways to account for time-varying parameters when
defining reference points and applying HCRs (short-term)

* |gnore time-varying parameters
e Use methods to select “under prevailing ecological and environmental conditions”

1. Calculate reference points based on a moving average

2. Explicitly allow for time-varying parameters when conducting assessments (e.g.
multispecies models)

3. Dynamic B, approach

Total Error

Variance
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Reference points

Control rules can be modified by basing reference points on “recent
conditions”. What could we mean by this?

‘ AQUATIC AND FISHERY SCIENCES

UNIVERSITY of WASHINGTON

©) Jreamstime.com



Reference points

Control rules can be modified by basing reference pomts on “recent
conditions”. What could we mean by this?

 Define biomass reference points on time-
varying stock-recruitment relationships or
dynamic B,,.

 Change unfished biomass based on
selecting a current regime.

‘ AQUATIC AND FISHERY SCIENCES

Bessel Browne et al. Fish Res. 2021

UNIVERSITY of WASHINGTON



Use methods to select “under prevailing ecological and
environmental conditions”

Zheng and Siddeek (2019) used AIC, to select when
the stock-recruitment relationship for Bristol Bay red
king crab changed. The underlying model was a
change-point regression of the form Iog(Ry/SSBy) VS

=
=
=
E
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This can be controversial!

Jackass morwong has a “regime shift” in
recruitment in 1988 supported by
independent evidence for changes and in
the residuals about the stock-recruitment
relationship.

Allowing for the regime shift meant that a
stock that was overfished is now in the
“precautionary zone”.

Application of AIC to select stock-
recruitment regimes for Eastern Bering Sea
Tanner crab led to a “rebuilt” designation.

‘ AQuATIC AND FISHERY SCIENCES
UNIVERSITY of WASHINGTON
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Explicitly allow for time-varying parameters when applying
HCRs:

This is perhaps the most complicated option and the one that has been adopted least often in practice.
Examples could be:

* Survival for larval and juvenile crab depends on pH such that F, ., is a declining function of time.
* Pacific sardine where F,,, is a function of temperature (selected using MSE)

— Ewsy
E=0.05-0.18

1984-2008 _ 1984-2008

1000 1500

558

PFMC, 2013
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Adopt a control rule that depends on an environmental
covariate (e.g., Pacific sardine)

anr <

150+
|

H'ﬁnllll

'1|E|||||
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Long-term considerations

This will involve a rethinking (re-envisaging) of:

* Data collection schemes
e Stock assessments
* More integration of environmental variables
* Harvest control rules
 Selected based on single-species MSEs
(extended single-species models)
e Selected based on multi-species / ecosystem
MSEs?
 (Capacity and expertise.

5 7.4
s »

Jprgy J_‘."Tﬂ‘;'_ A _/'_,l‘. /g e ?
shutterstr.ck’
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Harvest Control Rules (longer-term)

Control rules can be modified to include environmental variables

0 if B, <B,,
By _ ma .
Earg = 4 FMSY,y B _B 1f Blim < By < Btarg
targ lim f B B
FMSY,y 1 g g e
Frrgy, = Fiy | 1= 24 22— Lo
= — A+
VST BT I 1 l..,and I, are the minimum and

maximum values of an indicator, A is

_ the “environmental range”
c.f. Bentley et al. Front Mar Sci 2021
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Explicitly allow for time-varying parameters when applying
HCRs

Accounting for multispecies interactions increases the
complexity related to defining reference points — within
the US reference points are not (directly) based on
multi-species models.
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Single species model Ecosystem model

EXp | |C|t mu |t| S peCieS Prodgce and re\{iew s_ingle Management question
species population history, that drives ecosystem

assessments linked to bren el a0 stock investigation

control rules is the

(C urrent Iy unattainable ?) Estimate limit and target Produce and review model
reference points, including of ecosystem interactions

go I d stan d a rd . target F and population histories

B u t us | N g (S COSVSte m Determine ecosystem

Adjust target F ABataR
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to change single-species
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How do we evaluate candidate
management options?

Homo

Homo Atlantis

Homo single MSVPA

species
Homo

Homo best ACLIM

guess




Specify qualitative and quantitative managementgoals

Identify
environmentally

driven population Develop Develop
process operating management
models g

strategies
Projectenvironmental
variable with most
accurate suite of
General Climate

Models Population dynamics

Link population
process to projected 4 <
environmental 1

variable inoperating

model 4 .
True Evaluate Estimated

manage.nj]ent performance manage_n_ﬂent

quantities quantities

Bio-physical
coupling

Management
strategy

The operating model component of an MSE can be set up to include
environmental drivers of population dynamic processes (usually the
parameters of the stock-recruitment relationship, but in principle
natural mortality, growth, etc.)

The management strategy could also make use of environmental
GOTCPLPRITLENEEENE  data (e.g., the MSE for Pacific sardine).

UNIVERSITY of WASHINGTON Punt et al. ICES J. Mar Sci 2014
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Population dynamics

Stock assessment Harvest control rule

 Specify qualitative  and quantitative management goals

True management quantities 

Estimated management quantities 

Management action

Data for assessment
(with error)


Evaluate performance 

Develop operating model

Develop management strategies

Identify environmentally driven population process 

Project environmental variable with  most accurate suite of GCMs

Link population process to projected environmental variable  in operating model

Bio-physical coupling
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Population dynamics

Management
strategy

 Specify qualitative  and quantitative management goals

True management quantities 

Estimated management quantities 

Management action

Data for assessment
(with error)


Evaluate performance 

Develop operating models

Develop management strategies

Identify environmentally driven population process 

Project environmental variable with  most accurate suite of General Climate Models

Link population process to projected environmental variable  in operating model

Bio-physical coupling




Extended single-species
models:

Identify parameters that may be
time-varying (in principle)

Identify hypotheses that have
been postulated / speculated /
tested linking environmental
variables to parameters

Triage the environmental
variables to those that can be
hind and forecasted

Fit the assessment model to
guantify the relationship
between the environmenal
variables and the parameters

Select a set of harvest control
rules to permit projections



Bottom Temperature (°C)

SSP126: High CO2 mitigation SSP585:

(less warming) (high warming) = miroc_ssp585 _ pressures
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Goal: To address climate
information needs with best
available science & tools

Changes in

Climate impacts biomass & TAC
on growth &
condition
Changes in Downscaled hindcast/projections:
. CORE-CFSR Hindcast (1960-2017)
allocation ECHO-G (AR4 A1B)
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What do we know about MS
performance



What have we |learned / what do
we know?

* Including environmental covariates when defining
HCRs is not guaranteed to lead to improved -y
management performance. P N\ V| NS N

e Results will be sensitive to how (and to what
extent) biological parameters change over time.

‘ AQUATIC AND FISHERY SCIENCES
e Amar et al. ICES J. Mar Sci (2009)

UNIVERSITY of WASHINGTON



What have learned / what do know?
* Including environmental covariates when defining HCRs is
not guaranteed to lead to improved management
performance.

* Results will be sensitive to how (and to what extent)
biological parameters change over time.

e Results will be sensitive to how the model structure.

‘ AQUATIC AND FISHERY SCIENCES

UNIVERSITY of WASHINGTON

Food Web
r——— "1

| Sardine

Climate &
Oceanography

Francis et al. Elementa 2018



What have we |learned / what do
we know?

* Including environmental covariates when defining
HCRs is not guaranteed to lead to improved
management performance.

* Results will be sensitive to how (and to what extent)
biological parameters change over time.

* The environment can impact both the target fishing
mortality (e.g. Pacific sardine) or the target biomass
(e.g. crab and pollock)

" AQuATic AND FISHERY SCIENCES

UNIVERSITY of WASHINGTON

Table 3. Summary of long-term fishing maortality reference points

in 2001 . For reference, Fags s = 096, F_

Lonstant Lomstant
00 Had(Chi3 T e Had(C ki3 i T s

Table 5. Summary of relative long-term biomass, given as

a percentage of B, in 2001,
f
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Mo tempearature effect

What have learned / what do know? 3
* Including environmental covariates when defining HCRs 5
is not guaranteed to lead to improved management ‘Eé
performance. ®
e The risk of ignoring trends in environmental drivers is : - -
. Stalus Ad| B47% Lowcap Highcap 20vear Wid Const F
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Strateqy
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There be
dragons here 3

https://www.torforgeblog.com/2020/07/29/what-makes-a-dragon-a-dragon/



Tahle 2

Summary weicht of evidence perexample species
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Good news (increased average recruitment)
may not be..

Bad news (lower average recruitment may not
be either)

“contrary to the recognition of recruitment failure and to
all indicators precipitously declining, this fishery remains
categorized as ‘not overfished’ and is listed as

)

‘sustainable’.” (Edgar et al., Aquatic Conservation)

" AQuATic AND FISHERY SCIENCES

UNIVERSITY of WASHINGTON
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(old)



What the data

giveth the
data may take away

I review the role of environmental variability in the survival of juvenile fish and shellfish
by examining the success of previously published environment-recruitment correlations
when tested with new data. The proportion of published correlations that have been
verified upon retest 1s low. There i1s one generalization that stands out: correlations for
populations at the limit of a species’ geographical range have often remained statistically
significant when re-examined. An examination of environment-recruitment correlations
that were reviewed 13 years ago by Shepherd and co-workers shows that only 1 out of 47
reviewed studies 1s currently used in the estimation of recruitment in routine assessments.
The results suggest that future progress will require testing general hypotheses using data
from many populations.

Reviews in Fish Biology and Fisheries 8, 285-305 (1998)

When do environment—recruitment correlations
work?

RANSOM A. MYERS

Department of Biology, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1. E-mail:
Ransom Myers@Dal Ca



We need to think about the
f conseguences about the
productivity paradox.

Coming up from Cody!




Tentative Recommendations

* We need to recognize that short- and long-term environmental factors will
influence population dynamics, including species distributions.
* The default for developing harvest control rules and management plans should be
the assumption of non-stationarity dynamics:
 Stationarity should only be assumed given a lack of data (is this cutting your
throat with Occam’s Razor)
 We need operational ways to decide when to allow reference points to change
over time.
e [tistime to construct frameworks to evaluate alternative management
systems (think training, data needs, and stakeholder engagement)

AQUATIC AND FISHERY SCIENCES

UNIVERSITY of WASHINGTON



Data demands?

What are the data demands

of supporting climate-based
models and HCRs?

Will existing surveys and other monitering schemes
we ready for the menitoring.systems needed totr
driven.movement? |

How many regions have sufficient'data on popUlatioHs



C

* How do we conduct
reviews for multispecies
/ environmental
assessment frameworks
and HCRs?

 What are the processes
for obtaining stakeholder
feedback on trade-offs
among objectives

A guinea pig’s tale: learning to review end-to-end marine
ecosystem models for management applications

Isaac C. Kaplan' and Kristin N. Marshall?

"Northwest Fisheries Science Center, National Marine Fisheries Service, NOAA, 2725 Montlake Boulevard E., Seattle, WA 98112, USA
*University of Washington School of Aquatic and Fisheries Sciences, PO Box 355020, Seattle, WA 98195, USA

*Corresponding author: tel: +1-206-302-2446; fax: + 1-206-860-3394; e-mail: isaac.kaplan@noaa.gov

Kaplan, I. C, and Marshall, K. N. A guinea pig’s tale: learning to review end-to-end marine ecosystem models for management
applications. — ICES Journal of Marine Science, 73: 1715-1724.

Received 10 June 2015; revised 3 March 2016; accepted 7 March 2016.

A shift towards ecosystem-based management in recent decades has led to new analytical tools such as end-to-end marine ecosystem models. End-
to-end models are complex and typically simulate full ecosystems from oceanography to foodwebs and fisheries, operate on a spatial framework,
and link to physical oceanographic models. Most end-to-end approaches allow multiple ways to implement human behaviours involving fishery
catch, fleet movement, or other impacts such as nutrient loading or climate change effects. Though end-to-end ecosystem models were designed
specifically for marine management, their novelty makes them unfamiliar to most decision makers. Before such models can be applied within the
context of marine management decisions, additional levels of vetting will be required, and a dialogue with decision makers must be initiated. Here
we summarize a review of an Atlantis end-to-end model, which involved a multi-day, expert review panel with local and international experts,
convened to challenge models and data used in the management context. We propose nine credibility and quality control standards for end-
to-end models intended to inform management, and suggest two best practice guidelines for any end-to-end modelling application. We offer
our perspectives (as recent test subjects or “guinea pigs”) on how a review could be motivated and structured and on the evaluation criteria
that should be used, in the most specific terms possible.




Final thoughts

 To date, climate-enhanced assessment and MSE
frameworks have not been adopted for tactical
and strategic decision making.
* Approaches such as ACLIM require much
Elizabeth A. Fulton®?® | André E. Punt'® | Catherine M. Dichmont™® |
expanded networks Chris . Harvey® | Rebecca Gorton!
(oceanographers, biologists, modellers, :
economists, social scientists, and communicators) -l e

alizing single-species and ecosystem-based fisheries management. Simulations run

—_ m ay b e O u r m Ost C ritica I n eed ) - using two variants of a whole-of-ecosystem model for the Southern and Eastern
N .

Scalefish and Shark Fishery (SESSF) area shows that (a) data-rich assessments out-

Ecosystems say good management pays off

Abstract

. N perform data-poor assessments for target species and that this performance is re-
L4 We n e e d to Sta rt n OW to d eve I O p p a rt n e rS h I pS’ ral " flected in the values of many system-level ecosystem indicators; (b) ecosystem and

s multispecies management outperforms single-species management applied over the
H d t'f k I d d t f k enceenter, seatte, same domain; (c) investment in robust science-based fisheries management pays
I e n I y n OW e ge ga pSI a n C re a e ra m eWO r S ° dividends even when there are multiple jurisdictions, some of which are not imple-
e ° menting effective management; and (d) that multispecies yield-oriented strategies

can deliver higher total catches without a notable decline in overall system perfor-

mance, although the resulting system structure is different to that obtained with

other forms of ecosystem-based management.

KEYWORDS

Atlantis, ecosystem-based management, fisheries, harvest strategies, risk equivalency

AQUATIC AND FISHERY SCIENCES
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Use methods to select “under prevailing ecological and environmental
conditions”
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