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MANAGEMENT STRATEGY EVALUATION IN NUTSHELL
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MSE IN NUTSHELL (CONCEPTUALLY)

What is Management Strategy Evaluation (MSE) ?

“a simulation framework incorporating uncertainty to evaluate the performance of

candidate Management Procedures (MPs) against pre-determined management
objectives”




MSE IN NUTSHELL (CONCEPTUALLY)

What is Management Strategy Evaluation (MSE) ?

“a simulation framework incorporating uncertainty to evaluate the performance of

candidate Management Procedures (MPs) against pre-determined management
objectives”

Management Procedures (MPs)

® o pre-defined operational rule used to set a Catch Limit (or level of fishing effort)

v’ Data acquisition (catch series, CPUE series etc.)
v’ Understanding the stock condition (via an internal assessment or index trend etc.)
v’ Harvest Control Rule for implementation

® “Model-based” (with a stock assessment model) and “Empirical-based” (data-driven)

® Designed to be robust under uncertainty



MSE IN NUTSHELL (CONCEPTUALLY)

What is Management Strategy Evaluation (MSE) ?

“a simulation framework incorporating uncertainty to evaluate the performance of

candidate Management Procedures (MPs) against pre-determined management
objectives”

Simulation framework incorporating uncertainty

® Create a virtual population and virtual fisheries in computer for future operation
(operating models, with several elements of uncertainty)

® Catch is determined according to an MP
® Population reacts to impact of catch (e.qg. population decreases if catch limit is too high)

® Continue until management period ends, repeats many times to account for stochastic
uncertainty



MSE IN NUTSHELL (CONCEPTUALLY)

What is Management Strategy Evaluation (MSE) ?

“a simulation framework incorporating uncertainty to evaluate the performance of

candidate Management Procedures (MPs) against pre-determined management
objectives”

Management objectives and performance indicators

Objectives

v’ Biological safety : Sustainability of populations, recovery to target levels
v’ Catch : High yields, stability across years
v’ Risk-averse : Precautionary approach, minimizing probability of stock depletion

Performance indicators

® 7o quantify the expectations and probabilities of the achievements and risks
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MERITS OF MISE

 Comprehensiveness, Transparency and Dialogue

* Consider in advance uncertainty in data, model, estimation, projection, implementation etc.
* Ensure a certain level of robustness of management performance to uncertainty

* Information is available in advance for some likely trajectories and their ranges for biomass,

catch, etc. after implementing an MP

Absolute TAC
MP-STABLE-ASY-50% MP-STABLE-SYM-50%

MP-TARGET-ASY-50% MP-TARGET-SYM-50%
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(a) MP's tuned to 50% probability of being in the target quadrant.

Relative SSB

MP-TARGET-SYM-50%
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(a) MP’s tuned to 50% probability of being in the target quadrant.



2016: Resolution 16/09 establishment of the Technical Committee on Management Procedures
(TCMP)

2016-2018: Initiation of species-specific MSE work for YFT, SKJ, ALB, SWO, and BET
2016: Resolution 16/02 adoption of SKJ Harvest Control Rule (HCR) (not full MP)
2021: Resolution 21/03 adoption of SKJ HCR — superseded 16/02 SKJ HCR

2022: Resolution 22/03 MP for BET developed through MSE process

2024: Resolution 24/07 MP for SKJ superseded 21/03 SKJ HCR (Full MP now - developed through
MSE process)

2025: Resolution 25/07 MP for SWO - first RFMO to have a working MP for SWO - developed
through MSE process

2025: Resolution 25/10 TCMP supersedes 16/09 establishment of the TCMP



Stock status

CURRENT MANAGEMENT PROCEDURES (MMPs)

2025

Skipjack
2023

Swordfish

CMM/Prop

22/03 (MP), 23/04 (Catch limits)

24/07 (MP)

24/08 (MP)

Tuning criterion

Prob(Kobe G) =60%

Prob(B>B40% & E<E40%) =-50%

Prob(Kobe Green)= 60%

MP type

Model-based (harvest)

Data-based (stable)

Data-based (fast)

Inputs for MP

Time series of catch & std-CPUE

Time series of std-CPUE

Recent CPUE

Constraints

15% maximum change

Asymmetric 15%(up)-10% (down)

{ ‘w-w. shold

Stock status indicator (I/))

Asymmetric 15% (up) - 10% (down)

New TAC = TAC,,,,, * (Current TAC)




BIGEYE MP




MP1 Harvest

Model-based with
simple stock assessment

Model-based MP with
internal projection MP2 Tal’get

PTRE-based MP with internal projection

1) Fit PETR Model
2) Find constant TAC that hits target depletion at target date
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BIGEYE TUNA (TRAJECTORIES)

SSBSSBMSY

Catch (1000t)

MP1_Harvest & 60% Green MP1_Harvest & 70% Green

[ MP1_Harvest & 60% Green MP1_Harvest & 70% Green MP1_Harvest & 60% Green MP1_Harvest & 70% Green

=

[ MP2_Target & 60% Green MP2_Target & 70% Green

Target & 60% Green MP2_Target & 70% Green

Catch (1000t)
SSBSSBMSY

4w i

MP1: higher ave catch, higher variation  Stochastic variation at the end in MP1 Stochastic variation in MP1 tends to
MP2_60%: Initial catch reduction tends to be slightly larger than that in be slightly larger than that in MP2
seems low MP2




BIGEYE TUNA (SUMMARY PLOTS)

Pr{SB > SBlim) Pr{Green)

MP1_Harvest & 60% Green
MP1_Harvest & 70% Green
E MP1_ Harvest & 60% Green MP2_Target & 60% Green
B3 MP1_Harvest & 70% Green MP2_Target & 70% Green
B3 MP2_Target & 60% Green

E MP2_Target & 70% Green

Catch_Variablity

++hy




BIGEYE TUNA (SUMMARY TABLE)

Performance Measure

SB/SBwmsy Prob(Green) Prob(SB>limit) Mean Catch (t) Catch
60% Green
60% Green
70% Green

MP2_Target 1.21 (1.04-1.39) 95.8 (82.8-101.6)
70% Green

(80% interval)



MP DEFINED IN 22/03

Management procedure

2. The adopted management procedure for bigeye tuna known as MP1 Harvest is described in Annex I (MP).

3. Consistent with the adopted management objectives of the Commission, the management procedure is designed
to achieve:

a) a 60% probability that the bigeye tuna spawning stock biomass achieves the target reference point of
SBusy' by 2034-2038;

b) the bigeye tuna spawning stock biomass avoids breaching the interim limit reference point specified in
Resolution 15/10 with a high probability;

and operates with the following constraint:

¢) the maximum increase or decrease in the TAC shall be 15% relative to the previous TAC.
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(EC check) [CPUE ~2023] Assessment [CPUE ~2026] © Assessment
(EC check) (EC check) (EC check) (EC check) (EC check) (EC check)
Catch series .
Input data -;(t);:dcaar:dcl:ed H CRmuIt
longline CPUE ors

Estimation &
Tomlinson

Joint longline std-CPUE mOdEI BDM

R CPUE

Harvest * Hockey stick
Al Control Rule RS

MAChe = 175,005
- e (>15% high than 2024-25 TAC of 80,583 t)
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EXCEPTIONAL CIRCUMSTANCES

 CPUE was the only exceptional circumstance
identified

 The CPUE standardization differs from the
specified methods:

* Data: aggregated in 2022; operational in
2025 as specified in 22/03

Relative CPUE

* Model: delta log-normal in 2022;
lognormal models in 2025

* sampling and exclusion of some data in
2021-2023 in 2025 CPUE

—=— 2025 CPUE
—*— 2022 CPUE

* Generally similar trend than 2022 and
2019 in all regions

* No other exceptional circumstances were
detected in the 2024 review




COMPARISON OF 2025 CPUE AND MSE PROJECTIONS

The historical period 1979-2018 shows similar
trends.

The 2025 CPUE is within the MSE range 2021-
2023.

The 2025 CPUE series is slightly above the 95%
confidence bound of the MSE projected range in
2019 and 2020 -> a positive exceptional
circumstance

The impact may include slightly higher TAC
results from the MP, which is, however,
constrained by the 15% TAC change constraint
component of the MP.

Thus, no further actions are required to
proceed with the recommended TAC from
the BET MP.
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From Preece and Williams (2025)
IOTC-2025-TCMPO9-INFO5




SKIPJIACK MP



SKIPJACK MISE

12 candidate MPs
* 3 tuning criteria (50,60,70%)
* 3 MP types (originally) => 2 MP types (“Stable” and “Target”)

Prob. on plateau = 0.81 Prob. on plateau = 0.81
C[max] = 568 C[max] = 590 C[max] = 568

a[T] =-0.50 a[T] =-0.30 - a[T] =-0.50
alX] =-1.20 a[X]=-1.00 a[X] =-1.20

Log-CPUE  Log-CPUE Log-CPUE  Log-CPUE Log-CPUE  Log-CPUE
for SB10%  for SB40% for SB10% for SB40% for SB10%  for SB40%

e 2 TACConstraint options
- Symmetric 15% (upward and downward)
- Asymmetric 15% (upward) and 10% (downward)




SKIPJACK MISE

12 candidate MPs
e 3tuning criteria Prob(B>B40% & E<E40%) =50, 60, 70%
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BIOMASS TRAJECTORIES (50% TUNING)

Relative SSB

MP-STABLE-ASY-50% MP-STABLE-SYM-50%

2000 2010 2020 2030 2040 2000 2010 2020 2030
Year

(a) MP’s tuned to 50% probability of being in the target quadrant.

2040



CATCH TRAJECTORIES (50% TUNING)

Absolute TAC

MP-STABLE-ASY-50% MP-STABLE-SYM-50%

MP-TARGET-ASY-50% MP-TARGET-SYM-50%

2000 2010 2020 2030 2040 2000 2010 2020 2030
Year

(a) MP’s tuned to 50% probability of being in the target quadrant.




SKIPJACK TUNA (BOX PLOT)

-TARGET

60% 70%
60% 70%
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1000 tonnes

[ MPtype
STABLE

300 |
MP-STABLE MP-TARGET ! | TARGET

0

MP
50%

Ayiqeen yaen

o oy ey ek

60% 50%

Symmetry E3 ASY E3 SYM

® The ‘Stable’ MP-type provides higher average TAC and lower variability.
The ‘Target’ MP-type is more responsive but more variable.

® Asymmetric TAC change limit increases frequency of TAC changes but improves stability.



SKIPJACK TUNA (SUMMARY TABLE)

MP

Total Catch Lower
TAC Quantile

Number of Average
TAC changes TAC change

Pr. SSB

above target

Pr. SSB
above MSY

MP-STABLE-ASY-50%

MP-STABLE-ASY-60%

MP-STABLE-ASY-70%

MP-STABLE-SYM-50%
MP-STABLE-SYM-60%
MP-STABLE-SYM-70%
MP-TARGET-ASY-50%
MP-TARGET-ASY-60%
MP-TARGET-ASY-70%
MP-TARGET-SYM-50%
MP-TARGET-SYM-60%
MP-TARGET-SYM-70%

512.86
507.41

|

418
4.08

0.38
0.43
0.48
0.41
0.46

0.92
0.92
0.93
0.94
0.94

0.93
0.94
0.94
0.95




DiscussiON ON SKJ cANDIDATE MPs IN 2024 TCMP

Tuning criteria: The 70% tuning was excluded as overly conservative. The EU proposed
50%, while some members supported 60% as a good trade-off.

MP type: The ‘Stable’ MP-type provides higher average TAC and lower variability; the
‘Target’ MP-type is more responsive but more variable. The TCMP tentatively agreed on
the ‘Stable’ MP-type.

TAC change limit: Asymmetric TAC change limit increases frequency of TAC changes but
improves stability. The TCMP tentatively agreed on the asymmetric clause.

Climate change: Not explicitly included in the MP. Recent high recruitment may be
climate-driven but projections use long-term conservative recruitment.

Recruitment anomaly: Above-average recent recruitment led to a high TAC (628,262
tonnes), but this is considered an anomaly. MPs tested will reduce TAC in the initial
application period.

Plateau effect: Even if recruitment and CPUE remain high, TAC may not increase due to
the plateau in the MP.



DiscussiON ON SKJ cANDIDATE MPs IN 2024 TCMP

* Final recommendation: TCMP recommended adoption of the EU proposal with:
* 50% probability of being at the skipjack target reference point (40% B0) in 2034-2038
» Stable MP-type parameterisation
* Asymmetric TAC change clause

» Ecosystem effects: Skipjack catches affect yellowfin and bigeye (overfished). TCMP
recommended SC incorporate ecosystem effects in the next revision.

e Compliance: Past catches exceeded limits; TCMP recommended Commission ensure TAC
compliance when MP is applied.

e Future monitoring: TCMP requested EU to include provision for SC to monitor future
recruitments under skipjack exceptional circumstances.



SWORDFISH MP



SWORDFISH MSE (MP 1-6)

6 candidate MPs

descriptor MPtype Tuning objective TAC stabilizer
P(Green)= (max up- max down)
CPUE_Fast_60%_15-10  Faster reacting data-  60% 15-10
based
CPUE_Fast_70%_15-10  Faster reacting data-  70% 15-10
based
CPUE_Slow_60%_15-10  Slower reacting 60% 15-10
data-based
CPUE_Slow_70%_15-10  Slower reacting 70% 15-10
data-based
Modelbased 60% _15-10 Model based 60% 15-10
Modelbased 70% 15-10 Model based 70% 15-10

MP 1-4 (CPUE) MP5-6 (model based)

T

5,8

Catch Quota

io o/ g
"

D = Distance to Target CPUE
Sl = Slope of recent CPUE

Time X
Estimated Current Depletion




SWORDFISH MSE (TAC TRAJECTORIES)

MP name  descriptor MPtype Tuning objective  TAC stabilizer - = / -
P(Green)= (max up- max down) Fast 60% / Slow 70%

MP1 | CPUE_Fast_60%_15-10  Faster reacting data-  60% 15-10

based s - <
MP2 | CPUE_Fast_70%_15-10  Faster reacting data-  70% 15-10 =

based

3 | CPUE_Slow_60%_15-10  Slower reacting 15-10
data-based

CPUE_Slow_70%_15-10  Slower reacting % 15-10
data-based

Modelbased_60%_15-10 Model based 15-10

Modelbased_70%_15-10  Model based % 15-10 , \() = / M o)
odel 60%
Fast 70% ;

Slow 60% _ 4 Model 70%




SWORDFISH MSE (BOX PLOT)

MP performance (2024-2038) M ] s
B 3 CPUE rule SLOW

= T (data based)

B wes
) P(Green) P(SB>SB._.) Hockey stick HCR
SB/SBusy o y MPS (model based)

More impact of tuning - o
objective than MP type = | High probability of
Large uncertainty in o SB>SByn,
future stock size but N I 0.50- "
slightly larger for model- High probability of
based MPs) “ - - being in Kobe green

IAC(TAC) mean(TAC) mean(TAC }(Shortterm)

000 000 Higher TAC for data-
Stable catches for based MP with wider
model-based MP, / 30000 - distribution, but

more variable for data- opposite for the short-
based MP 20000 - 20000 - term

n WAGENINGEN
UNIVERSITY & RESEARCH




SWORDFISH MISE (SUMMARY TABLE)

SB/SBMSY
155 (0.79-2.95)
162 (0.84-2.99)
157 (0.71-2.95)
162 (0.77-3.01)
154 (057-2.97)
16 (0.63-3.07)

p(SB>=SBMSY)
1(0.00-1.00)
1(0.00-1.00)
1(0.00-1.00)
1(0.00-1.00)
1(0.00-1.00)
1(0.00-1.00)

p(SB>SBlim)
1 (1,00-1.00)
1(1.00-1.00)
1 (1.00-1.00)
1 (1.00-1.00)
1(1.00-1.00)
1 (1.00-1.00)

061 (0.00-1.00)
0,69 (0.00-1.00)
0.59 (0.00-1.00)

0.7 (0.00-1.00)
062 (0.00-1.00)
069 (0.00-1.00)

mean(TAC)
30561 (22351-36599)
28643 (21062-36599)
30802 (24993-35728)
28809 (23277-34506)
29828 (28012-29828)
27828 (26580-27828)

C/MsY
0.95 (0.71-1.15)
0.9 (0.69-1.10)
097 (0.70-1.15)
0.92 (0.66-1.08)
0.93 (0.60-1.20)
087 (0.56-1.12)

IAC(TAC)

10.16 (7.55-11.11)
9.75 (7.07-11.11)
8.13 (3.03-10.9)
6.84 (2.52-10.48)
2.25 (2.256.52)
0,62 (0.624.57)

Median values (10% and 90% quantiles)

Performance over the period 2024-2038



BEFORE ENDING...



MANAGEMENT STRATEGY EVALUATION IN NUTSHELL
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MANAGEMENT STRATEGY EVALUATION IN NUTSHELL

o MANAGEMENT OBJECTIVES PERFORMANCE MEASURES

MSE PROCESS
2] . © WP SELECTION

o Identification of OPERATING N
Management objectives and MODELS (OMS) | B (4] %IEI\SATUIIF\I‘}_%TION
Performance measures Population il T ‘ ‘

dynamics

€ Development of (mortality, growth,
Operating Models (OMs) reproduction)

€ Development of
Management Procedures (MPs)

@ simulation Testing (3) Data generation

of MPs with the OMs. MANAGEMENT MPs based

_ PROCEDURES on CPU
© Selection of an MP based on (MPS)

simulation performance

Hockey Stick
MPs

Applicationof ~ | cPUETarget
TAC set by MP CPUE Slope

Time (T Estimated current depletion

Catch qupta (or F)

@ Implementation of the MP
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INTRODUCTION

Fisheries are a complex dynamic system. We don't kno
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Management Strategy Evaluation

atype of quantitative

|\-_F|n\ ocE —
P Lma.‘&*
Commiss "

management’s succes

Performance Meamre (median values)

Hatkey Sock

crue

Hockey Stick

crut

Mockey Stick

MSE PROCESS

J—
Mamagement sbprccters

e

stakehold

engage with the p

empower key

transparency, incl

improve communi

For further explorations, visit the MSE Shiny

app and Website created by lote

crit

MSE Capacity Building Tools MSE To
107TC Shiny app fotc.of

Website
educational-tools

ly




W TUNINE Wor

he maximum

want th

Biomass time-series, iteration 497

Catch fime-series, iteration 497
Below 20% of biomass in 1850s (proxy for unfished) is shaded (red)

Cateh (tonnes)

Biomass time-series, iteration 14

Catch fime-senes, iteration 14
Below 20% of biomass in 13504 (proxy for unfished) ts shaded {red)

Catch (tonnes)

Biomass (S




MSE PURPOSES & MERITS

Purposes

® to understand the expected behavior of “MPs” if implementing them in an actual fishery

® to find the best way by developing MPs to robustly meet the pre-determined
management objectives (acceptable trade-off and levels of risk)

® to select an MP for implementation in actual fisheries

Merits of MSE
* Comprehensiveness, Transparency and Dialogue

* Consider in advance uncertainty in data, model, estimation, projection, implementation
etc.

* Ensure a certain level of robustness of management performance to uncertainty

* Information is available in advance for some likely trajectories and their ranges for
biomass, catch, etc. after implementing an MP



CAPACITY BUILDING ACTIVITIES (WORKSHOP)

* |0TC MSE handbook

e |OTC web tool

e 2024: MSE Capacity building workshop in Maldives

e 2025: Capacity building on MSE prlor to WPTT(AS) in Seychelles




THANK YOU SO MUCH
FOR KIND ATTENTION

Contact:
Toshihide Kitakado
kitakado@kaiyodai.ac.jp




