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Haikun Xu and Mark N. Maunder
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1. INTRODUCTION

An open-source R package ([ATTCMSE) has been developed to conduct management strategy evaluation
[MSE} for tropical tumas in the eastern Pacific Ocean [EPO) and is publicly available at
https: /fgithub.com /Haikun®u/IATTCMSE. The package has been rigorowsly tested for bigeye tuna in the
EPO using the suite of reference models included in the 2024 benchmark stock assessment [SAC-15-02).
This report presents preliminary results intended to support discussion at the second MSE workshop.

Since the previous meating of the MSE working group (MSEWG) in December 2025, additional analyses
and simulations have been conducted to address comments provided during that meeting. These com-
ments fall into three broad categories: performance indicators, harvest contrel rules (HCRs), and MSE
specifications. In response to comments on performance indicaters, the MSE code was updated to gener-
ate maximum sustainable yield [MSY)-related guantities, enabling calculation of the probability that
spawning biomass exceeds 30995, and the probability that the stock remains in the green quadrant of
the Kobe plot (5 > Sy and F <X Fy5p). Projected longline catch and catch-per-unit-effort (CPUE) is com-
pared with historical levels. Projected total longline catch was also compared with the current total leng-
line quota specified in Resolution C-21-04. The explicit inclusion of a limit reference point [S0%5Sysy) in
the HCR was alzo explored, and its effects on M5E performance were evaluated. With respect to MSE
specifications, implementation error was incorporated into the management module to assess its influ-
ence on simulation outcomes.

In addition to addressing the comments from the previous meeting, the staff evaluated the performance
of the eight candidate HCRs identified for prioritization in the previous meeting to facilitate finalization of
the set of HCRs to be tested for bigeye tuna in the EPO.

2. MSE FRAMEWORK
2.1. Operating models

The operating models [OMs) used in the MSE consist of the 36 reference models included in the 2024 risk
analysis (ensemble of stock assessment models). For the purposes of the MSE, these models were updated
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1. INTRODUCCION

Se desarrolld un paguete en R de cadigo abierto (IATTCMSE) para realizar la evaluacion de estrategias de
ordenacign (EEQ) para los atunes tropicales en el Océano Pacifico criental {OPO] y estd disponible al
publice en https://github.com/HaikunXu/IATTCMSE. El paguete ha sido rigurosamente probado para el
atin patudo en el OPO usande el conjunto de modelos de referencia incluidos en la evaluacion de
referencia de 2024 [SAC-15-02). Este informe presenta resultados preliminares para apoyar las
discusiones en el segunde taller sobre EEQ.

Desde la reunion anterior del Grupo de Trabajo sobre EEQ (GTEED), celebrada en diciembre de 2025, se
han realizado analisis y simulaciones adicionales para aberdar los comentarios recibidos durante dicha
reunidn. Estos comentarios se dividen en tres grandes categorias: indicadores de desempefio, reglas de
control de extraccion (RCE] y especificaciones de la EEQ. En respuesta a los comentarios sobre los
indicadores de desempefio, se actualizd el codigo de EEQ para generar cantidades relacionadas con el
rendimiento maximo sostenible (RMS), lo que permite calcular la probabilidad de que la biomasa
reproductora rebase 50%5, s v |a probabilidad de que |a poblacién permanezca en el cuadrante verde
de la grifica de Kobe (5§ > Sgus v F < Fpys). La captura de palangre proyectada y la captura por unidad
de esfuerzo (CPUE) se comparan con los niveles historicos. La captura de palangre total proyectada
también se compara con la cuota de palangre total actual especificada en la resolucion £-21-04. También
se estudid la inclusién explicita de un punto de referencia limite (50%5g,5) en la RCE y se evaluaron sus
efectos sobre el desempefio de la EED. Con respecto a las especificaciones de la EEQ, seincorpord el error
de implementacién en &l modulo de ordenacion para evaluar su influencia en los resultados de las
simulaciones.

Ademas de abordar los comentarios de la reunién anterior, el personal evalué el desempefio de las ocho
RCE candidatas identificadas come prioritarias en la reunién anterior para facilitar la finalizacion del
conjunto de RCE que se probaran para el atun patudo en el OPO.




Additional performance inc icators — Kobe plot

For the stock under the staff HCR:
The probability of being in the green quadrant of the Kobe plot is 92%
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Additional performance inc icators — Kobe plot

For the stock under the staff HCR:
The probability of being in the green quadrant of the Kobe plot is 92%

The probability of being above 50%SMsY is 100%
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Additional performance indicaters=longline CPUE

For the stock under the staff HCR:
Longline CPUE is projected to reach to about 2 x average for 2017-2019
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Additional performance indicatei%—-}engline catch

For the stock under the staff HCR:
longline catch is projected to be close to the total quota (55,131 mt)
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https://www.iattc.org/GetAttachment/e3dc0a7e-e73c-4b8e-889e-a4cd2cdd7b8b/C-21-04-Active_Tuna-conservation-in-the-EPO-2022-2024.pdf

Discussion - longline catch quetas

« The MSE cannot set a longline catch quota in simulations due to
technical difficulties (unable to resolve in the near term), so all
simulations assume no quota for longline fisheries

« Longline CPUE for bigeye tuna is expected to reach
approximately twice the historical average observed during
2017—2019

« Simulations suggest that future longline catches, under the
current longline fishing effort, could exceed the total quota in a
significant portion (>33%) of future years



Evaluate the performance of some-HCRs

The MSEWG proposes to remove the 10-day cap for the increase in fishery closure when the

stock is estimated to be below the control point, allowing for rapid response to depletion
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Evaluate the performance of some HCRs

Component HCR1 HCR2 | HCR3
Fmax Fao% Fao% Faon HCR2 has same S¢ontror and Searget;
Scontrol S20% S30% S30% occasionally leading to some extreme closures
Max change in closure | 10 days | 10 days | 10 days
when S > S_ 101
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Evaluate the performance of some-HCRs

« Removing the 10-day cap when S<Scontrol intends to impose rapid response
to depletion but leads to undesirable outcomes:
o Instability (HCR2): large increases in closure day are occasionally
observed
o Inflexibility (HCR3): management action can get “stuck” in the
excessively conservative zone when S rebuilds above Scontrol due to the
10-day cap when S>Scontrol
« A 20-day cap instead of no cap when S<Scontrol is tested for HCR2 and
HCR3



Evaluate the performance of some-HCRs

Component HCR2_20cap HCR2_nocap HCR3_20cap HCR3_nocap
Fmax FBO% F30% F40% F40%
Scontrol 530% 530% 530% 530%

Max change in closure

10 days (S > Scontror)
20 days (S < Scontrot)

10 days (S > Scontror)
No cap (S < Scontrol)

10 days (S > Scontrot)
20 days (S < Scontror)

10 days (S > Scontror)
No cap (S < Scontrot)
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Evaluate the performance of some-HCRs

« A 20-day cap when S<Scontrol allows faster responses to depletion while
preserving stability:
o HCR2: get rid of those extremely large increases in the closure
o HCR3: the stock reaches the target level after just two cycles



Impact of including implementation-error

* We assume that fishing mortality is proportional to (365 — days of closure)

Fishing mortality

365 — closure days .g



Impact of including implementation-error

* We assume that fishing mortality is proportional to (365 — days of closure)
* In the real world, fishing mortality can deviate from this linear relationship due to
various factors such as:
o Fleet capacity

o Bigeye individual vessel threshold .
o Skipjack abundance
o Number of active FADs 2 .
o Diesel price s .
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Impact of including implementation-error

* We assume that fishing mortality is proportional to (365 — days of closure)
* In the real world, fishing mortality can deviate from this linear relationship due to

various factors such as:

Fleet capacity
Bigeye individual vessel threshold
Skipjack abundance

Number of active FADs
Diesel price

Fishing mortality

Management action

Theoretical fishing mortality

365 — closure days

v



Impact of including implementation-error

* We assume that fishing mortality is proportional to (365 — days of closure)
* In the real world, fishing mortality can deviate from this linear relationship due to
various factors such as:

Fleet capacity
Bigeye individual vessel threshold
Skipjack abundance

Number of active FADs
Diesel price

Fishing mortality

Management action

Actual fishing mortality

Theoretical fishing mortality

365 — closure days

v



Impact of including implemgé;ﬁ#{'c—iﬁen error

* We assume that fishing mortality is proportional to (365 — days of closure)
* In the real world, fishing mortality can deviate from this linear relationship due to
various factors such as:
o Fleet capacity
Bigeye individual vessel threshold
Skipjack abundance
Number of active FADs
Diesel price




Impact of including implementation error

* We assume that fishing mortality 1s proportional to (365 — days of closure)
* In the real world, fishing mortality can deviate from this linear relationship due to
various factors such as:
o Fleet capacity
o Bigeye individual vessel threshold
o Skipjack abundance
o Number of active FADs
o Diesel price
* We simulate the MSE using the staff HCR with or without implementation error to
evaluate the impact of implementation error on MSE results



Impact of including implementation error

The uncertainty of dynamic SBR is strongly influenced by the
degree of implementation error

No error
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Discussion: implementation errer=-

« Large implementation error leads to more extreme trajectories,
potentially impacting the probability of breaching the limit reference
points

 Fishing mortality is influenced by factors beyond fishery closure,
including implementation error can enhance the realism and robustness
of MSE outcomes

* A remaining question for further discussion is the appropriate
magnitude of implementation error — no quantitative estimate for EPO
purse-seine fisheries is available

« The implementation error is applied to a fishing mortality that is
constant over three years, so CV=0.1 seems more likely than CV=0.2



Outline

2. Full MSE simulation results after the informal session held
in mid February



Comparing the eight candic ate HCRs

* Implementation error (CV=0.1) 1s included
* 10/20-day asymmetric cap when the stock 1s above/below the control point

* 1,200 1terations per HCR — full MSE results

Component Staff WG1 WG2 WG3 WG4 WGs5 WG6 WG7
Number 1 2 3 4 5 6 7 8
Fnax F3094 F359, Fa09, F3094 F359 F359, Fa09, Fa09,
Scontrol SZO% 530% SZO% 530% 520% SZS% 530% 540%
Range for closure change | -10to10 | -10to10 | -10t010 | -10t010 | -10t0 10 | -10t0 10 | -10t0 10 | -10 t0 10
(day): S > Scontrol
Range for closure change | -10to 20 | -10to020 | -10t0 20 | -10to 20 | -10 to 20 | -10 t0 20 | -10 to 20 | -10 to 20
(day): S < Scontrot
Name F30-S20 | F35-S30 | F40-S20 | F30-S30 | F35-S20 | F35-S25 | F40-S30 | F40-S40




Comparing the eight candidatesHERs

* Implementation error (CV=0.1) 1s included

* 10/20-day asymmetric cap when the stock 1s above/below the control point
* 1,200 1terations per HCR — full MSE results
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Results: dynamic SBR

Dynamic spawning biomass ratio
Razdn dinamica de biomasa reproductora
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Dynamic spawning biomass ratio
Razdn dinamica de biomasa reproductora
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Performance indicators

Management Performance Unit Description
objective indicator
Safety p(dSBR > 0.2) % The probability that dynamic spawning biomass ratio is larger than 0.2
p(SBR > 0.077) % | The probability that equilibrium spawning biomass ratio is larger than 0.077
p(SB > 0.55By5y) % The probability that spawning biomass is larger than 50% of the spawning
biomass at the maximum sustainable yield
Status p(Kobe in green) % The probability that the stock is in the green quadrant of the Kobe plot
Stability AAV (catch) % Average annual variability in annual catch
p(closure + 20) % The probability that the closure will increase by 20 days
Yield PS catch ton Average annual purse-seine catch
LL catch ton Average annual longline catch
Effort closure day Average fishery closure
Abundance CPUE % The ratio of average longline CPUE to the average level for 2017-2019




Performance indicators: safety

The probability that dynamic spawning
biomass ratio is larger than 0.2
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HCR Prob (%) Prob (%) Prob(%)| 4%
dSBR > 0.2 SBR > 0.077 S > 0.55ysy g §
F30-S20 96.5 99.9 99.9 3¢ o
F30-S30 96.7 99.9 999/ £8°
F35-S20 97.5 100.0 100.0 =3
F35-S25 97.5 100.0 100.0 78
F35-S30 98.3 100.0 100.0 =
F40-S20 98.5 100.0 100.0 g5
F40-S30 98.7 100.0 100.0 0§
F40-S40 98.8 100.0 100.0 & 0.2

F30-S20  F30-S30  F35-S20 F35-S25  F35-S30  F40-S20  F40-S30  F40-S40
Harvest control rule
Regla de control de cosecha




Performance indicators: satety

The probability that equilibrium spawning
biomass ratio is larger than 0.077

0.751
©
@]
HCR Prob (%) Prob (%) Prob (%)| 2 g
dSBR > 0.2 SBR > 0.077 S > 0.55ysy g e
F30-S20 96.5 99.9 99.9] &£
F30-S30 96.7 99.9 99.9| 28 050
F35-S20 97.5 100.0 100.0| =&
F35-S25 97.5 100.0 100.0| S
F35-S30 08.3 100.0 100.0 ‘%E
F40-S20 98.5 100.0 100.0 I
F40-S30 98.7 100.0 100.0 s
F40-S40 08.8 100.0 100.0 0.251

F30-S20 F30-S30 F35-520 F35-S25 F35-S30 F40-S20 F40-S30  F40-S40
Harvest control rule
Regla de control de cosecha

S
IATTC



The probability that spawning biomass is larger
than 50% of the spawning biomass at MSY

HCR Prob (%) Prob (%) Prob (%)

dSBR > 0.2 SBR > 0.077 S > 0.55vsy
F30-S20 96.5 090.9 99.9
F30-S30 96.7 99.9 99.9
F35-S20 97.5 100.0 100.0
F35-S25 97.5 100.0 100.0
F35-S30 08.3 100.0 100.0
F40-S20 98.5 100.0 100.0
F40-S30 98.7 100.0 100.0
F40-S40 08.8 100.0 100.0

SB / SBmsy
BR / BRmsy

Harvest control rule
Regla de control de cosecha



Performance indicators: statugsss
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Performance indicators: stability=
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Performance indicators: stability=

The probability that the closure
will increase by 20 days

HCR AAV (%) Prob (%)

in catch| change = 20
F30-S20 7.3 0.8
F30-S30 7-3 77
F35-S20 7.3 0.4
F35-S25 7.3 1.9
F35-S30 7.2 17.6
F40-S20 7.2 0.1
F40-S30 7.2 16.3
F40-S40 7.3 28.9

F30-S20 F30-S30
SOQ/D' — p—
60% -
40%
20% -
0% . g I [ H
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Closure change (day)
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Performance indicators: yield

Average annual purse-seine catch

Annual purse-seine catch (t)
Captura anual de cerco (t)

HCR Annual Annual

PS catch (mt) | LL catch (mt)
F30-S20 50722 51663
F30-S30 50384 51509
F35-S20 49785 51277
F35-S25 49746 51250
F35-S30 47514 50533
F40-S20 47221 50258
F40-S30 46456 49966
F40-5S40 45911 49624

= F30-S20 = F35-S20 = F35-S30 = F40-330
= F30-830 = F35-825 — F40-520 — F40-540



Performance indicators: yield
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Performance indicators: yield

Average annual longline catch

HCR Annual Annual

PS catch (mt) | LL catch (mt)
F30-S20 50722 51663
F30-S30 50384 51509
F35-520 49785 51277
F35-S25 49746 51250
F35-530 47514 50533
F40-S20 47221 50258
F40-S30 46456 49966
F40-S40 45911 49624
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Annual longline catch (t)
Captura anual de palangre (
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Performance indicators: etforts
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Performance indicators: etforts

F30-S20 F30-S30

The further we project into the future, the
more uncertain the projection becomes.
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Performance indicators: abundanee
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Performance indicators: summary=

 All HCRS have less than 5% probabilities of breaching the soft limit
reference point (0.2 dynamic SBR)

« All HCRs have less than 0.1% probabilities of breaching the two hard limit
reference points (0.077 SBR and 0.5 S;;5y)

 All HCRs have high probabilities (89.6%-95.5%) of being in the green
quadrant of the Kobe plot

« These HCRs differ mainly in average closure duration (43—89 days),
average annual purse-seine catch (45,911—50,722 mt), and the probability
of having a 20-day increase in the closure (0.1%-28.9%)

« The probability of having a 20-day increase in the closure is less than 2%
when the control point is 0.2 or 0.25



Performance indicators: summary

Prob Prob| Annual Average
HCR Kobe = green change = 20 | PS catch closure
F30-S20 89.6 0.8 50722
F30-S30 90.0 7.7 50384
F35-S20 91.6 0.4 49785
F35-S25 91.6 1.9 49746
F35-S30 94.0 17.6 47514
F40-S20 94.6 0.1 47221
F40-S30 05.2 16.3 46456
F40-S40 95.5 28.9 45911




Robustness test

« Evaluate the performance of the candidate HCRs under a sustained 25%
reduction in recruitment regime beginning in 2025.

 This scenario is intended to assess HCR behavior under unfavorable
environmental conditions that substantially reduce stock productivity.

« Except for the imposed regime shift in recruitment, all simulation
specifications for the robustness test were identical to those used in the
base-case MSE.

* Due to time constraints, the robustness test was conducted only for the
least conservative candidate HCR, F30-S20, which is expected to be most
vulnerable to declines in recruitment.



Robustness test

» The least conservative HCR, F30-S20, is robust to a downward regime shift
1n recruitment:
 Less than 1% probabilities in breaching the two hard limit reference

points

« Less than 5% probability in breaching the soft limit reference point
« More than 85% probability that the stock is in the green quadrant of the

Kobe plot
Prob Prob Prob Prob Prob| Annual| Annual| Fishery| CPUE
RO dSBR > 0.2 | SBR > 0.077| S > 0.55,sy | Kobe = green | AAV in catch | change = 20 | PS catch | LL catch | closure [ ratio
75%
95.4 99.0 99.8 88.5 7.2 1.5| 38646| 41096 38| 1.76
100% 96.5 99.9 99.9 89.6 7.3 0.8 50722 51663 453 2.26
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Impact of considering a second contféspeint to the HCR

A second control point of 50%Swmsy (=0.1So0) 1s considered in the HCR
Fishing mortality decreases linearly between the two control points, reaching 0 when the
second point 1s breached

S?.?% ‘52[}% 53[}%

F309,

Fishing Mortality

0% 20% 40% 60% 80% 100%
% Spawning Biomass Ratio (SBR)



Impact of considering a second confglnpeint to the HCR

Considering a second control point of 50%Swmsy in the HCR leads to more
conservative management actions

HCR

Dynamic SER
=]




Discussion: adding another cont“ro the HCR

« All eight HCRs have a zero probability of breaching the two hard limit
reference points

 If an asymmetric cap on closure changes (10/20-day cap) is used to enable
rapid responses to depletion before breaching limit reference points,
explicit inclusion of a second control point in the HCR may be unnecessary

 Incorporating a second control point increases the number of HCR
parameters, further complicating negotiations surrounding the harvest
strategy for bigeye tuna in the EPO

« Recommend do not explicitly including a second control point in the HCR
unless the full results for the chosen HCR suggest that the probability of
breaching the two hard limit reference points is >1%
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