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We provide additional details of the simulation study (Figures S1-S4) and results (Figures S5-S37) for readers
seeking more granular results of the 16 scenarios. The distribution of Mohn’s rho values is shown in Figure
S1, illustrating that we achieved a median rho of 0.5 for SSB. The difference in true Fj;gy relative to the
fishing history scenarios is shown in Figure S2; this provides some insight into the choice for which reference
point was used for calculating overfishing. A similar plot for spawning stock biomass in shown in Figure S3
demonstrating the starting conditions for the feedback portion of the simulations. Retrospective patterns
continued in the feedback portion of the closed-loop simulations, as seen in two realizations for both sources
of the retrospective pattern in Figure S4. An alternative way of viewing the median results from Figure 1
in a more summarized approach that does not include uncertainty from the 1000 realizations is seen in the
plot of the first two principal components of Figure S5. Plots similar to Figure 5 are seen in Figures S6-S21,
showing the catch and spawning stock biomass relative to their MSY reference points for each of the 1000
realizations with each figure representing a different scenario. Figures S22-S37 are similar to Figures S6-S21
except that the y-axis is now fishing mortality relative to Fj;sy, making them similar to Kobe plots.
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Figure S1. Distribution of 50 Mohn’s rho values for no misspecification (top row), catch misspecification
(middle row), and natural mortality misspecification (bottom row) for spawning stock biomass (SSB), fishing
mortality rate (Fbar), and recruitment (R). Panels are defined by retrospective type (none, catch, natural
mortality), fishing intensity (1=always overfishing, 2=overfishing reducing to Fyssy ), and number of selec-
tivity blocks (1 or 2).
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Figure S2. Fishing mortality rate (F') during the base period (black line) for the 8 combinations of F history
(F = Fursy in second half of base period, O = overfishing throughout), number of fishery selectivity blocks
(1 or 2), and retrospective source (catch or natural mortality, M). The horizontal blue line denotes the F
at maximum sustainable yield (Fassy) computed from conditions in the first year of the base period (1970)
while the red dashed horizontal line denotes the F);sy computed from conditions in the terminal year in
the base period (2019).



F F 0 0
1 2 1 2
900001
60000 - %
&
0
300001
M 01
)
%)
900001
60000
=
300001
O -
1970 1990 202070 1990 202070 1990 202070 1990 2020
Year

Figure S3. Spawning stock biomass (SSB) during the base period (black line) for the 8 combinations of F
history (F = Fjrsy in second half of base period, O = overfishing throughout), number of fishery selectivity
blocks (1 or 2), and retrospective source (catch or natural mortality, M). The horizontal blue line denotes
the F at maximum sustainable yield (Fassy) computed from conditions in the first year of the base period
(1970) while the red dashed horizontal line denotes the Firsy computed from conditions in the terminal
year in the base period (2019).
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Figure S4. Mohn’s rho for spawning stock biomass calculated from the statistical catch at age model during
the feedback period of the simulations for two realizations (columns) and the two sources of retrospective
(catch and natural mortality).
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Figure S5. Principal components analysis of the median values of the metrics shown in Figure 1.



CF1A

AM || CCFM || CC-FSPR || DynLin

98]
I

ES-FM ES-Fstable

<

[\9)
1

Ismooth

C/MSY

Ensemble | | SCAA

W )

00 25 50 75 10000 25 50 7.5 100
SSB / SSBumsy

Figure S6. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. Each point represents the average for years 21-40 in the feedback period for a
single iteration of a scenario. The scenario shown is where catch was the source of the retrospective pattern
with F' reduced to Fjsgy in the second half of the base period, there was a single selectivity block, and
where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S7. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. Each point represents the average for years 21-40 in the feedback period for a
single iteration of a scenario. The scenario shown is where catch was the source of the retrospective pattern
with F' reduced to Fj;gy in the second half of the base period, there was a single selectivity block, and
where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S8. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. Each point represents the average for years 21-40 in the feedback period for a
single iteration of a scenario. The scenario shown is where catch was the source of the retrospective pattern
with F' reduced to Fj;gy in the second half of the base period, there were two selectivity blocks, and where
no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S9. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. Each point represents the average for years 21-40 in the feedback period for a
single iteration of a scenario. The scenario shown is where catch was the source of the retrospective pattern
with F' reduced to Fj;gy in the second half of the base period, there were two selectivity blocks, and where
a buffer was applied to the catch advice (catch multiplier = 0.75).

10



CC-FSPR

5 4
44
3 -
24
1
01

ES-Frecent

5 4
44
3 -
24
1
01

/ MSY

Islope | | Ismooth | | Itarget | | Skate

O 57
4
3

z'@ 1 ’ - ------ - .; —————————— —fi ———————————

00 25 50 75 10000 25 50 7.5 10.0

5-
4-
3-
2-
l-_
O-I T T T T T T T T T
00 25 50 75 10000 25 50 7.5 10.0
SSB / SSBumsy

Figure S10. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. Each point represents the average for years 21-40 in the feedback period for a
single iteration of a scenario. The scenario shown is where catch was the source of the retrospective pattern
with F' remaining at 2.5 times F);gy in the second half of the base period, there was a single selectivity
block, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S11. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. Each point represents the average for years 21-40 in the feedback period for a
single iteration of a scenario. The scenario shown is where catch was the source of the retrospective pattern
with F' remaining at 2.5 times F);gy in the second half of the base period, there was a single selectivity
block, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S12. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. Each point represents the average for years 21-40 in the feedback period for a
single iteration of a scenario. The scenario shown is where catch was the source of the retrospective pattern
with F remaining at 2.5 times Fj;gy in the second half of the base period, there were two selectivity blocks,
and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S13. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. Each point represents the average for years 21-40 in the feedback period for a
single iteration of a scenario. The scenario shown is where catch was the source of the retrospective pattern
with F remaining at 2.5 times Fj;gy in the second half of the base period, there were two selectivity blocks,
and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S14. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. FEach point represents the average for years 21-40 in the feedback period
for a single iteration of a scenario. The scenario shown is where natural mortality was the source of the
retrospective pattern with F' reduced to Fjssy in the second half of the base period, there was a single
selectivity block, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S15. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. FEach point represents the average for years 21-40 in the feedback period
for a single iteration of a scenario. The scenario shown is where natural mortality was the source of the
retrospective pattern with F' reduced to Fjssy in the second half of the base period, there was a single
selectivity block, and where a buffer was applied to the catch advice (catch multiplier = 0.75).

16



MF2A

AM || CCFM || CC-FSPR || DynLin

ES-FM ES-Fstable

Skate

SSB / SSByisy

Figure S16. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. FEach point represents the average for years 21-40 in the feedback period
for a single iteration of a scenario. The scenario shown is where natural mortality was the source of the
retrospective pattern with F' reduced to Fssy in the second half of the base period, there were two selectivity
blocks, and where no buffer was applied to the catch advice (catch multiplier = 1).

17



CCFM || CC-FSPR || DynLin

ES-FM | | ES-Frecent | | ES-Fstable

A& _______ & . __
> A
)
2 Ismooth | | Skate
~
© I
1
1
1
1
1
ed e - _______ &y @ ___
SCAA | 0.0 25 50 75 10.012.50.0 2.5 50 7.5 10.0125
5 -
44
3 -

T T

1 1

1 1

1 1

1 1

[ 1 :

A & . v

Y heEEEEEE 2 EEEEEEEE
013 1

0.0 2.5 5.0 7.510.012.50.0 2.5 5.0 7.5 10.012.5
SSB / SSBumsy

Figure S17. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. FEach point represents the average for years 21-40 in the feedback period
for a single iteration of a scenario. The scenario shown is where natural mortality was the source of the
retrospective pattern with F' reduced to Fssy in the second half of the base period, there were two selectivity
blocks, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S18. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. FEach point represents the average for years 21-40 in the feedback period
for a single iteration of a scenario. The scenario shown is where natural mortality was the source of the
retrospective pattern with F' remaining at 2.5 times Fj;5y in the second half of the base period, there was
a single selectivity block, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S19. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. FEach point represents the average for years 21-40 in the feedback period
for a single iteration of a scenario. The scenario shown is where natural mortality was the source of the
retrospective pattern with F' remaining at 2.5 times Fj;5y in the second half of the base period, there was
a single selectivity block, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S20. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. FEach point represents the average for years 21-40 in the feedback period
for a single iteration of a scenario. The scenario shown is where natural mortality was the source of the
retrospective pattern with F' remaining at 2.5 times F);gy in the second half of the base period, there were
two selectivity blocks, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S21. Relationship between long-term average catch and spawning stock biomass relative to their
reference points by method. FEach point represents the average for years 21-40 in the feedback period
for a single iteration of a scenario. The scenario shown is where natural mortality was the source of the
retrospective pattern with F' remaining at 2.5 times F);gy in the second half of the base period, there were
two selectivity blocks, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S22. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where catch was the source of
the retrospective pattern with F' reduced to Fissy in the second half of the base period, there was a single
selectivity block, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S23. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where catch was the source of
the retrospective pattern with F' reduced to Fissy in the second half of the base period, there was a single
selectivity block, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S24. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where catch was the source of
the retrospective pattern with F' reduced to F);sy in the second half of the base period, there were two
selectivity blocks, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S25. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where catch was the source of
the retrospective pattern with F' reduced to F);sy in the second half of the base period, there were two
selectivity blocks, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S26. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where catch was the source of the
retrospective pattern with F' remaining at 2.5 times Fj;5y in the second half of the base period, there was
a single selectivity block, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S27. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where catch was the source of the
retrospective pattern with F' remaining at 2.5 times Fj;5y in the second half of the base period, there was
a single selectivity block, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S28. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where catch was the source of the
retrospective pattern with F' remaining at 2.5 times F);gy in the second half of the base period, there were
two selectivity blocks, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S29. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where catch was the source of the
retrospective pattern with F' remaining at 2.5 times F);gy in the second half of the base period, there were
two selectivity blocks, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S30. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where natural mortality was the
source of the retrospective pattern with F' reduced to Fj;5y in the second half of the base period, there was
a single selectivity block, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S31. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where natural mortality was the
source of the retrospective pattern with F' reduced to Fj;5y in the second half of the base period, there was
a single selectivity block, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S32. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where natural mortality was the
source of the retrospective pattern with F' reduced to Fjsgy in the second half of the base period, there were
two selectivity blocks, and where no buffer was applied to the catch advice (catch multiplier = 1).
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Figure S33. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where natural mortality was the
source of the retrospective pattern with F' reduced to Fjsgy in the second half of the base period, there were
two selectivity blocks, and where a buffer was applied to the catch advice (catch multiplier = 0.75).
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Figure S34. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where natural mortality was the
source of the retrospective pattern with F' remaining at 2.5 times F;gy in the second half of the base period,
there was a single selectivity block, and where no buffer was applied to the catch advice (catch multiplier =

1).
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Figure S35. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where natural mortality was the
source of the retrospective pattern with F' remaining at 2.5 times F;gy in the second half of the base period,
there was a single selectivity block, and where a buffer was applied to the catch advice (catch multiplier =

0.75).
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Figure S36. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where natural mortality was the
source of the retrospective pattern with F' remaining at 2.5 times F;gy in the second half of the base period,
there were two selectivity blocks, and where no buffer was applied to the catch advice (catch multiplier =

1).
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Figure S37. Relationship between long-term average fishing mortality rate and spawning stock biomass
relative to their reference points by method. Each point represents the average for years 21-40 in the
feedback period for a single iteration of a scenario. The scenario shown is where natural mortality was the
source of the retrospective pattern with F' remaining at 2.5 times F;gy in the second half of the base period,
there were two selectivity blocks, and where a buffer was applied to the catch advice (catch multiplier =

0.75).
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