Climate-enhanced multi-species Stock
Assessment for walleye pollock, Pacific/ g~
and arrowtooth flounder in the EBS

Kirstin K. Holsman, Jim lanelli, Kerim Aydin, Grant Adams, Kelly
Kearney, Kalei Shotwell, and Ingrid Spies

November, 2022




Model Summary

CEATTLE 2016 - now annually

o Age or Length based
o Multi- or single-species

. ADMB
o Climate (energetics) effects on
o Growth

o Mortality (if in MSM)
o Recruitment

e Used to derive climate-inform.ABC
o Pollock, Pcod,ATF

Rceattle (Adams, Holsman, Punt, et al.

Age or Length based
Multi- or single-species
TMB

Random effects

Data weighting

Climate (energetics) effects on
o  Growth*
> Mortality (if in MSM)
o Recruitment

Used in EBS, GOA, and Cali Current (hake)
Pollock, Pcod, ATF, Halibut, and Hake
@



O Search or jump to Pull requests

Rceattle

https://github.com/grantdadams/Rceattle

Fisheries Research 251 (2022) 106303

Contents lists available at ScienceDirect

Fisheries Research

ELSEVIER journal homepage: www.elsevier.com/locate/fishres

An ensemble approach to understand predation mortality for groundfish in  [&&&
the Gulf of Alaska

Grant Adams

Grant D. Adams ™, Kirstin K. Holsman *", Steven J. Barbeaux ", Martin W. Dorn ", d d
James N. Tanelli °, Ingrid Spies ", Ian J. Stewart ©, André E. Punt” g rantadadams

* School of Aquatic and Fishery Sciences, University of Washington, Seattle, WA, USA
® Resource Ecology and Fisheries Management Division, Alaska Fisheries Science Center, Seattle, WA, USA

© International Pacific Halibut Commission, Seattle, WA, USA Unfollow
ARTICLE INFO ABSTRACT . .
| am a PhD student at the University of
Handled by: Mark Nicholas Maunder There is i i of the need for based fisheries (EBFM), which accounts for . .
trophic i ions and envi itions when ing exploited marine resources. Continued Washmgton School of Aquatic and
Keywords: development and testing of analytical tools that are expected to address EBFM needs are essential for guiding the

Stock assessment
Ecosystem-based fisheries management
Natural mortality

management of fisheries resources in achieving and balancing multiple social, economic, and conservation ob- H 1 H

jectives. To address these needs, we present and compare alternative climate-informed multi-species statistical F IS herl €s SC lence.

Multi-species catch-at-age models to account for spatio-temporal differences in stock distributions, with application to four

State-space groundfish species (walleye pollock Gadus chalcogrammus, Pacific cod Gadus macrocephalus, arrowtooth flounder i
Climate change Atheresthes stomias, and Pacific halibut Hippoglossus stenolepis) in the Gulf of Alaska, USA. We integrate across R\ 20 fo”owe IS - 24 fo“owlng




CEATTLE

2022 Climate-enhanced multi-species Stock Assessment for walleye
pollock, Pacific cod, and arrowtooth flounder in the South Eastern

Bering Sea

Kirstin K. Holsman, Jim Ianelli, Kerim Aydin, Grant Adams, Kelly Kearney, Kalei Shotwell,
Grant Thompson, and Ingrid Spies

kirstin.holsman@noaa.gov November 2022
Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA,
7600 Sand Point Way N.E.; Seattle, Washington 98115




RO M S (@) utp ut https://data.pmel.noaa.gov/aclim/thredds/catalog/files.html

10.0

type
.
75 modeled BT
A survey BT

W survey SST

Temp

-

Temp

7.5

5.0

25

1980 1990 2000 2010 2020

©



https://data.pmel.noaa.gov/aclim/las/Ul.html
ROMS output o il ¥

UPDATE Plot1 w Animate  Correlation Viewer ~ Showvalues..  Saveas.. Print LAS for ACLIM

B10K-H16_CMIP5_CESM_rcp85 B10K-H16_CMIP5_CESM_rcp85 Level 2 (bottom 5m) tir ged p i P , bottom 5m mean v

time-averaged potential temperature, bottom 5m

mean

QO depth at horizontal psi points, w depth
QO depth at horizontal rho points, w depth TIME : 22-JAN-2006 12:00
O  depth at horizontal u points, w depth time-averaged potential temperature, bottom 5m mean (Celsius)
QO depth at horizontal v points, w depth DATASET: B10K-H16_CMIP5_CESM_rcp85 Level 2 (bottom 5m)
QO time-averaged ammonia concentration, bottom OPeNDAP URL: https://data.pmel.noaa.gov/aclim/thredds/dodsC/Level2/B10K-H16_CMIP5_CESM_rcp85_bottom5m_collection.nc
5m mean LAS 9.7.5/PyFerret 7.64 NOAA/PMEL
Q time-averaged free-surface Native,CilirvilinearRlot
Q time-averaged iron concentration, bottom 5m
mean
20 10 01 01 03 05 07 09 1.1 13 15 17 19 21 23 25 27 29 35 45
QO time-averaged nitrate concentration, bottom 5m 222782
mean
(&
O

Vector of depth at horizontal u points, w depth
and depth at horizontal v points, w depth

Axes Selections

Plot Types

Analysis Transformations

3
- NOAA | PMEL | Privacy | Contact Administrator | THREDDS




Biomass

population

- - N
o (6} o
'
<,
<
.
-
o é
3o0|j0d aksjlepn

’ /\/"\—-'\/‘/\/ type
0 = multi-species
€1'5 = = single-species
2
=10 Ay
S = .
b = variable
Q
é 05 $ B 8 - SSB
% & W = survey
0.8 > -e~ survey (estimate)
0.6 }{ g —- totB
3
0.4 i} S
g
00 w-//\/\/\‘—/ :
)

0.0
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Age

©




o B
‘m m.
g 5
:d
3
£ 5

sl

Walleye pollock Pacific cod Arrowtooth flounder

'

'

! 0202
i

|

ooz

0002

single-species

0661

0861

020z

oLo0z

0002

multi-species

= 0661

|3 " . 0861

0
5
1.0

b}
o

(suonq) yuswyinioay

0.0
1.00
0.75
0.50
0.25
0.0

Year



Fishing Mortality

0.6
)
»
I\ A
£ A)
A )
/ b model
s, v = multi-species
L o4 .
2 = = single-species
©
t b
o
€ species
g
% \ ~ Pollock
i 22 ' = P, cod
- = Arrowtooth
1980 1990 2000 2010 2020 @

Year




G
bS]
o
o)
(@]
o
X
o
X
[))
v
c
av)
[}
()]
c
“
K%}
L
)
Q
(7]
]

Use this if need index of M for plk,

Prey: Walleye pollock

Prey: Pacific cod

™

eating other prey (eg snow crab)

0.24
0.20
0.16

(+ ¢ @be Yj)npe) uones |enuuy

Prey: Walleye pollock Prey: Pacific cod

or atf

’

pcod

<]

~ 0

P
=}

«
=}

o

<3 o

G

Prey: Arrowtooth flounder

Prey: Arrowtooth flounder

o o
(3 uoliw) sioyepaud |apow ||e Aq usjes ssewolg

1990 2000 2010 2020

1980

Year

1990 2000 2010 2020

1980

Year




mnhind ssp126

=
- oy
Iy N’ = = 2:
5.0 M A
-3
5 §, type_sim2
~— Cl-cesm_ssp126
5 05 Cl-cesm_ssp585
= Cl-gfdl_ssp126
Al
& o PR Cl-gfdl_ssp565
@ . L5 Wy 220 B I 9 ;
© 0.3 I 7 Y o —— Cl-miroc_ssp126
1\ a
g ! 2 —— Cl-miroc_ssp585
e 0.2 ! 8
gx ~— CN-mnhind
= 0.1
&
aQ
» fished
= = unfished
06 >
3 = fished
3
g
04 5
=
o
o
=
o
0.2 2
2 a & 2 2 8 L 8 & 2 2 82 8 & 2 2 8
o o o o o - O o o o - O o o o -
- o~ o~ o~ ~ N - o~ o~ o~ ~ N - o~ o~ o~ o~

©




Discussion : Climate informed BRPs

|. Methods to explore for setting climate-informed ABCs
2. Feedback on how long-term outlooks are communicated

3. Push to align with other stocks!?
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Discussion : Climate informed BRPs

Probability of near-term (+ 1-2 yr) biomass decline or increase:

Relative to 2022 levels, the model projects SSB of pollock will increase in 2023 (projected based on
2022 catch) followed by an increase in SSB in 2024 (projected with F4g.). For Pacific cod the model
projects a decline in SSB in both 2023 and 2024.

Ensemble projections using climate-enhanced recruitment models and projected future warming scenar-
ios (including high carbon mitigation (ssp126), low carbon mitigation (ssp585), as well as persistence
scenarios and assuming 2022 catch for 2023 and F, o for 2024) estimate a 95% chance that pollock
SSB will remain between 125-138% of 2022 SSB in 2023 and will be between 123-134% of 2022 SSB
levels in 2024.

Ensemble projections using climate-enhanced recruitment models based on long-term projections esti-
mate a 95% chance that Pacific cod SSB will continue to decline to between 86-99% of 2022 SSB in
2023 and between 73-83% of 2022 SSB levels in 2024.

Ensemble projections using climate-enhanced recruitment models based on long-term projections esti-
mate a 95% chance that arrowtooth SSB will be between 92 and 130% of 2022 SSB in 2023 and will
be between 87 and 117% of 2022 SSB levels in 2024.
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Discussion : Climate informed BRPs

Probability of long-term (2032, 2050, 2080) biomass decline or increase under high mitigation
(low warming) scenarios:

Note that projections assume no adaptation by the species, fishery, or fishery management.

o Ensemble projections using climate-enhanced recruitment models and projected future warming sce-
narios and assuming F, g~ for 2024 - 2100) estimate a 95% chance that pollock SSB will be between
69-76% of 2022 SSB in 2032, between 73-78% of 2022 SSB levels in 2050, and between 71-75% of 2022
SSB levels in 2080.

e Ensemble projections using climate-enhanced recruitment models based on long-term projections esti-
mate a 95% chance that Pacific cod SSB will be between 69-78% of 2022 SSB in 2032, between 69-74%
of 2022 SSB levels in 2050, and between 58-64% of 2022 SSB levels in 2080.

e Ensemble projections using climate-enhanced recruitment models based on long-term projections es-
timate a 95% chance that arrowtooth SSB will be between 76-100% of 2022 SSB in 2032, between
81-92% of 2022 SSB levels in 2050, and between 76-90% of 2022 SSB levels in 2080.

Probability of long-term (2032, 2050, 2080) biomass decline or increase under low carbon
mitigation scenarios (high warming):
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Discussion : Climate informed BRPs

Set BO and B40 target using climate informed models

NO!
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Discussion : Climate informed BRPs

Set target at climate naive (BO* from historical or BO
from no-climate projection)

/\

Al:Use model with climate effects Bl: Use model with no climate
to get F40 for each climate to get F40%
projection and ABC 2080

Y

B2: Apply F40%* to model

calc F2023 and use that to get ABC from ensemble

ABC_2024 (avg. using models with (ABC2023 = avg(ABC from all
climate effects)

A4

models)
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