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2016 multispecies assessment

 Appendix to 2016 pollock assessment as
alternative model

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 3




Outline:

e CEATTLE Overview
e 2016 Assessment
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CEATTLE methods references

_ NSO 0

: . - : R e
Contents lists available at ScienceDirect %’”“ﬁfm‘l
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Deep-Sea Research II “ Y

journal homepage: www.elsevier.com/locate/dsr2

A comparison of fisheries biological reference points estimated
from temperature-specific multi-species and single-species
climate-enhanced stock assessment models

Kirstin K. Holsman **, James lanelli ¢, Kerim Aydin?, André E. Punt ", Elizabeth A. Moffitt ™'

4 Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA, 7600 Sand Point Way N.E., Building 4, Seattle, Washington 98115, USA
b University of Washington School of Aquatic and Fisheries Sciences, 1122 NE Boat St., Seattle, WA 98105, USA

ARTINCLE LENEFO ABSTRACT

Multi-species statistical catch at age models (MSCAA) can quantify interacting effects of climate and
Holsman, KK, J lanelli, K Aydin, AE Punt, EA Moffitt (2015). Comparative biological reference points

estimated from temperature-specific multispecies and single species stock assessment models. Deep Sea
Res II. doi:10.1016/}.dsr2.2015.08.001.

Moffitt, E, AE Punt, KK Holsman, KY Aydin, JN lanelli, | Ortiz (2015). Moving towards Ecosystem Based
Fisheries Management: options for parameterizing multi-species harvest control rules. Deep Sea Res |I.
doi:10.1016/j.dsr2.2015.08.002
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CEATTLE Multi-species model

Eastern Bering Sea, Alaska, USA
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~ Pacific cod Pred/prey~f(Temperature)
(Gadus macrocephalus)

Climate-Enhanced, Age-based model with Temperature-specific Trophic Linkages and Energetics
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Table 1: Model equations

Definition Equation
Recruitment Niy =Riy =Rg e tiy ~ N(0,5%) iy
Initial abundance Rme(*f MI.;)NOI.j y=1 1<j<A T1.2
A ; : o =1 j=> A

Nija = RO‘{E(—J Ml““')No,u;/(l _e(—JMa.-,,,)) ¥ 1= 4
Numbers at age Niji1y1 =Ny~ l<y=n, 1<j<A T13

Niayi1=Nig_1ye 54 £ Njg ye 540 1<y<ny j>A

Fy. o=

Catch Ciiy = Eﬁ(] —e~ % )Ny, Ti4
Total yield (kg) T15

Residual )
Natural Mortality

A :
Yiy= ? (;rff(] ‘efz”’)Ni'ijijy)

Wiy = Waesy (1= (-0 )= )) ) =55

Ei,y Lot N(O., (!‘i-l)

Predation
Natural Mortality

diy = el adiy +a04i +04iTy) T1.10b
W — (M)UU*&&) T1.10c
iy = \&;
BT survey biomass (kg) o A ‘ iR
By=3 (f\l,-jye—ﬂ-5 Zsy w,-j_ysgj)
j
EIT sur Ti12
Fishery TI13
—
BT surv i ¥ — i L i L i L T1.14
1,y J 1,y 1,y
EIT sur T115
1 S ’ ’
BT selectivity sfj :m T1.16
Fishery selectivity J en  j<Ay i “’N(Osfsz,f) TE17
i~ e j> Ay
Proportion females S e~ I Mrem T1.18
zY T e Men | p-i Mmge
Proportion of mature females Ppij = o T1.19
Weight at age (kg) Wiy = WEET“’I’J"’ (1 —ma)WE,?“" T1.20
Residual natural mortality T1.21

M1y :Mgemm,jﬁ- (1 —mU)M}}mlE

(\CZ) NOAAFISHERIES

R
0RA g
fo

’(S

~
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Table 2: Pred. Mortality (M2)

Definition Equation

Predation mortality

o T21
Mzij,y — Z - pa.y @pa.y2paij -
pa \ 32, (SpasBiy ) + 83" (1 =3 (Sp) )

Predator-prey Suitabiiitl '

| Aqge-specific prey selectivity

Mean gravimetric diet bl A e

DEGRRTHO Size-specific annual ration

Individual specific ratid
L
TEIIperaiine sy, e X oXd_V)) 25

e Temperature specific

X= (22 (1+(1 +40/Y)0‘5)2) /400 s
7z — m(Qg) (T;m _ T;o) T2.5¢
Y =In (Q;) (T;m T 2) T2.5d

e

p—

vy

Py e - -
a{? NOAA FISHERIES = % U.S.'Department of Commierce | National O¢&anic and Atmospheric Administration | ‘NOAA Fisheries | Page 9 .



Temperature
specific VonB

3000
|

Weight at Age

1000
|

0
|

Wiy =Wooiy (1 —e(~Ki(1-diy)( ~to, )))W

d;,, = e @iy +a0a; +Fa; T,)
Woc,iy _ (%)1/(1—dfy) % é_
Bottom Temp : =
Fit outside of the
model presently &
(expect for
projections) £

o —Fme. -

2

<

o > - S . . o . ar o . . . : -. \\ .'
‘ I \ 3 B~ " - érce | Nafio i I . . i : e D
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Predator- Prey Overlap

Set to 1.0 In this assessment

Bottom temperature (°C)

Pollock = Arrowtooth Flounder

™9 56 Hf 98 Ve 00 01 02 U3 04 0 U6 Of 08 0

Stabeno et al. (2013) A comparison of the physics of the northern and
southern shelves of the eastern Bering Sea and some implications for the
ecosystem. Deep-Sea Res Il 65-7014-30.
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BT Survey
Data

Fishery Data

Bottom
Temp.

Diet Data

porone,

f NOARR
CZ) NOAAFISHERIES

Retrospective estimation

Parameters

Biomass &
Recruitment

Predation
mortality &

prey
consumed

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 12




BT Survey
Data Parameters Predation

Retrospective estimation | mortality &

_ prey
Fishery Data Biomass & consumed
Recruitment

Bottom
Temp. Fit Recruitment Models V

RS
Covariates

Diet Data

Environmental
Data

0
J&N0AR

sone,
5\{5 NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 13




BT Survey
Data Parameters Predation

Retrospective estimation | mortality &

_ prey
Fishery Data Biomass & consumed
Recruitment

Bottom
Temp. Fit Recruitment Models V

RS
Covariates

Diet Data

Environmental
Data

Climate forecasts

% WW“&
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BT Survey
Data Parameters Predation

Retrospective estimation | mortality &

_ prey
Fishery Data Biomass & consumed
Recruitment

Bottom
Temp. Fit Recruitment Models V

RS
Covariates

Environmental v
Data

Diet Data

Climate forecasts

|:ABC & BABC

ormng,

Z
f{“{} NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 15
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BT Surve
Data ! Predation

mortality &

Fishery Data

Bottom
Temp. Fit Recruitment Models

Diet Data

Environmental
Data

Climate forecasts

|:ABC & BABC

L
g% NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 16
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CEATTLE: Options

 Trophic Interactions (on/off)

 Recruitment under projections (MCMC on/off):
* Mean RS (Ricker or BevHolt), linear, linear+ B,
» Above + covariates (cold pool, BT, etc.)

« Harvest scenarios (0, mean historical F or C, set For C, F
profile, and HCRs:
e ABC proxy
 SPR
e Aggregate MSY
* MEY (in development)

f@*‘"“‘*
{ d,.j NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 17
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Changes from Holsman et al. 2016

P. cod fish comp data based on lengths
Bottom Temp: BTS & updated through 2015
Projected Bottom Temp: constant avg (BT)
Recruitment in projections is Ricker

2 harvest scenarios are presented here:

1. F 40% of unfished biomass (for all
three species simultaneously)

2. aggregate multi-species MSY
Survey and catch data updated from 2012

s
5{“"{} NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 19
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2016 multispecies data

Source Type Years

Fishery Catch biomass 1979-2015

Fishery Catch age composition 1979-2014 (plk &atf);
1979-2015 (P. cod)

EBS bottom Area-swept abundance 1982-2015
trawl (numbers) index by age

EBS bottom Gravimetric length-based | 1982-2105
trawl diet data

Acoustic trawl Population abundance 1979,1982,1985,1988,
(numbers) index by age 1991, 1994, 1996-1997,
1999-2000, 2002 , 2004,
2006-2010

fwm\
%"Q“{j NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 20
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Bottom Temperature (BT Survey)

2016
€ 45deg
0 _| Cold
(e0)
Warm

o _|
:G o
o To)
£ N
(b)
|_
£ o
IS N
o
m

Lo

©

o

. e

] ]
1985 1990 1995 2000 2005 2010 2015

Year

e

-

v;.:w"m%!"':, 2 . - - W - : -
i{? NOAA FISHERIES = % U.S. Department of Commerce | National Océanic.and Atmospheric Administration | NOAA Fisheries*| Page 21 .
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Table 4: Objective functions

Description Equation Data source

Data components

BT survey biomass [ (#:,)-n (ﬂ y)] NFMS annual EBS BT survey (1979-2012) T4.1
! 2 1,
BT survey age composition —ZmZ E (015; +V)1H(0,},y +v) NFMS annual EBS BT survey (1979-2012) T4.2
EIT survey biomass (In(sst)- ]n(ﬂmr)]l Pollock acoustic trawl survey (1979-2012) T4.3
ZTyv i = 0.2
y eit
EIT iti ~ei Pollocl tic trawl 1979-2012 T.4.4
age composition _"§:Z (O'i;fy+v)ln(0(:;-fy+v) ollock acoustic trawl survey ( )
i
Total catch « \_in(c= )12 Fishery observer data (1979-2012) T.4.5
63 ZM%"EQL Al
iy
Fishery age composition Fishery observer data (1979-2012) T4.6
~ZnZ 3 (0, +v)in(0, +v
i J
Penalties
Fishery selectivity 2 . T4.7
A || 7 1 Tyr 200 dl> s
Z_ ZJ X |1n ’Tf —in ”f s A= 0.i 'Tf
¥ j+1 ij+2 Ay Sty
Priors
2
LI (Ti,y) T4.8
iy
2
323 (Noy) e
1
2
ZZ (Ei,y) T410
i ¥
v=0.001.

;{? NOAA FISHERIES & U.S. Department of Commerce | National Oc€anic-and Atmospheric Administration | NOAA Fisheries"| Page 22




Description

Equation

Data components
BT survey biomass

BT survey age composition

EIT survey biomass

EIT age composition

Total catch

Fishery age composition

Penalties
Fishery selectivity

Priors

Z § []“ (ﬁiy )2‘]“ (ﬂfy)] 4

_?‘n;;‘? (ijy+v)ln(ﬂz,-‘y+v)

it ~ el 2
Z []“(ﬁy )2_(:211(‘3? )] , Opit :02

—ny ¥y (O‘i}f}, +v)ln(f)ij-; +v)
¥ 3

Z 2 []I’l (CTJ’)z_(:z“ (C?J')]Z, oc = 0.05

i ) €

RAO (%J+v)ln(ég,y+v)

o bl

I

20, if B>,

0, if

”!;'S ij+1




Definition Equation

Recruitment Ni1y =Riy =Rp e ziy ~ N(0,0?) 111
Initial abundance Rg,-e( —j MIUJNOI} yv=1 1<j<A T12
N s : y=1  j=#
i1 RD,ie(_J Ml'.'ﬂ")ND,i'ﬂ, / (] . e(—j Ml,-.,._‘_}) i
Numbers at age Niji1y+1 =Nyye 2 l<y<n, 1<j<A T13
Ni.ﬁl_‘y_‘_l:Ni.ﬂl__i‘yefzfﬂ,-—ly+Ni.ﬂl_‘ye*2m,“y lgy_—;n}, f}-A;
Fy g
Catch Ciy :fﬁ'(] —e~Zir )N, T14
Total yield (kg) A e T15
Yig=2_ (’z:rff(] —e % )Nijy Wi'jy)
Biomass at age (kg) Bijy = Nij, Wiy T1.6
Spawning biomass at age (kg) 55Bjjy = Bijypii T1,7
Total mortality at age Zijy =M1 + M2y +Fijiy T1.8
Fishing mortality at age Fijy = Fojet S{J gy ~ N(0, 0% ) T19
WIEIRHE At age k) Wiy = Wiy (I - e(—K.-(i—rL-J)(f—roJ)))’_‘]‘ﬁ T
diy = ol agiy +aly; +FaiTy) T1.10b
AV (1-dy) T1.10c
H
Wiy = (%)
BT survey biomass (kg) i A i i
ﬁi-‘}, = Z (Nﬁye_o's Zijy WU)"S}S})
i
EIT survey biomass (kg) it M : 1713 (pollock only) T1:12
By = 3 (Nujy@3C 2wy st
F]
Fishery age composition Of G T1.13
iy = " Ciy
BT survey age composition 2% N 93~ Ziy ) g T1.14
oo iy i
by E,- N,henj(fz”)s‘?j
EIT survey age composition Oeir Ni,.d,ef'-s(—zuy')s..;.;lq?: (pollock only) T1.15
L= _J
1y S (Nweuj(_z,m, )t qg,-,)
BT selectivity s§ :ﬁ:s__f) T116
Tpel TG
Fishery selectivity g e j<Ay Hij ""N(O,Jﬁ.-') ni
i) e j>Ay
Proportion females P g~ I Mrem T1.18
o g_j Mrem +g‘j Minale
Proportion of mature females pij = @ijdij T1.19
Weight at age (kg) Wijy = W5¢Fﬂ,ﬁ+ (1 mﬂ,ﬁ)wg}ale T1.20

Residual natural mortality M1 = A-'._,fg-'m,-, o+ (1 ey \ﬁ,]';.m'? T1.21

s




Definition Equation

Recruitment Nij1y =Rjy =Ry e tiy ~N(0,6?)

Initial abundance Ro,ie(_j 1\/!1.;-)}\)'031.Ji =1 1<i<h
Njj1 = Roie(—lemi)No’i’Ai/(l_e(—lemi)) y=1 j>A

Numbers at age Nijy1y+1 = NyjyeZ 1<y=<m 1=<j<#

Catch
Total yield (kg)

Biomass at age (kg)
Spawning biomass at age (kg)
Total mortality at age

Fishing mortality at age

Weight at age (kg)

BT survey biomass (kg)

Niﬂi,}’—l'l = Nf,Ai— Lye_sz*l‘y +Nf7AI,’y€'_ZMi"’ l<y< ny j>A;
Fi; i

Cijy =71+ (1—e~ % )Nyy
A 5

Yiy = 3 (F2(1—e~ % )Ny, Wiy )
i

Bijy = NijyWij,

S5Bijy = Bijypjj

Zijy = M1 +M2jy, +Fyj,

Fyy =Fo e ] giy ~N(0,0%))

|
Wiy =Wo iy (1 _e(=Ki(1 —diy)(f—fo,i))) Tty

diy — el @iy +a0q;+paiTy)

N 1/(1—diy)
W= (1)
a5 & -05 Z; s
Biy= 2. (Nij,ye o Wij,ysij)
j

U.S. Department of Commerce | National-Océanic and Atmospheric Administration | NOAA Fisheries™| Page 25

(\CZ) NOAAFISHERIES



BT survey biomass (kg)

EIT survey biomass (kg)

Fishery age composition

BT survey age composition

EIT survey age composition

BT selectivity

Fishery selectivity

Proportion females

Proportion of mature females
Weight at age (kg)

Residual natural mortality

o

A;
~AS 1
-052Z; S
iy =2 (Nij,ye w Wij,ysij)
J
seit _ QL 0.5(—Zijy) eit eit
By =2 (Nwe- I Whjy ST 43 )
J
O - Sy
iy = S Gy
Os B uyeos( Zuy)sS
iy —
SIovzemry
I B Nljyeus(_zlj’y)si}rqiir
1y — ; 5 i
iy 5 (Nlj,yeo‘s(_Zu'y)sijrq?")
§ 1
Sij—1+e( bs = ﬂs)
. elij _]SA,?J'
sij = e,?m’” u A )
’ = 1.1
~iM
wjj = L

e_j Mfem +e‘j Mmale
Pij = @ijij

male
Wiy = ley wjj + (1 — (’)U)Wuy

M1; = M,..e wj+ (1 —(,)U)Mg‘ale

(pollock only)

(pollock only)

Rij ~ N(O, 5%;')
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Table 8. Proportion mature and residual natural mortality for each species in the model.

Age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Proportion mature

Walleye pollock 0.00 0.01 0.290.64 0.84 0.90 0.95 0.96 0.97 1.00 1.00 1.00

Pacific cod 0.00 0.02 0.060.14 0.30 0.53 0.75 0.890.95 0.98 0.99 1.00

Arrowtooth flounder 0.00 0.00 0.01 0.02 0.06 0.16 0.34 0.59 0.80 0.92 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Residual mortality (M1)

Walleye pollock 0.52 0.52 0.450.26 0.26 0.27 0.28 0.28 0.27 0.29 0.30 0.30

Pacific cod 0.370.370.370.37 0.37 0.37 0.37 0.370.37 0.37 0.37 0.37

Arrowtooth flounder 0.27 0.26 0.26 0.25 0.25 0.24 0.24 0.23 0.23 0.23 0.22 0.22 0.22 0.22 0.21 0.21 0.21 0.21 0.21 0.21 0.21

-
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Definition

Equation

Predation mortality

sk 121
szj,y — Z pa.y pa.ypaij
pa Z (SperByy) + Borher (l Z ( pmj) )

Predator-prey suitability Do 22
Zi;‘ ( Bijy ) + Bgther
Mean gravimetric diet T . _ >, Upaiy T2.3
proportion pay = ny
Individual speciﬁc ration 5 o — = b, s Wpay (! ”fﬁ)f(Ty)p T2.4
(kgkg='yr—1)
Temperature scaling f(Ty), = VX eX(1-V)) T2.5
algorithm ¥
3
X= (22(1+ (1 +40/Y)°-5) ) /400 Te2ah

2-1n(a5) (17-75)

Y=in(Qp) (5" - Ty +2)




CEATTLE 2016: Catch

Total catch (million t)
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0.01

c) Arrowtooth flounder
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CEATTLE 2016: Survey Biomass Aporox. 2016
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Understand mechanisms of change

Age 1 Mortality

Recruitment

3 a) Walleye pollock 3007 a) Walleye pollock
= = single-species
o] 200 — multi-species
- 100+
A I\
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a % T T T T 1980 1990 2000 2010
+ 3— ~ o]
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Understand mechanisms of change
Age 1 Mortality Recruitment

300

a) Walleye pollock a) Walleye pollock

= = single-species

o] 200+ —— multi-species
7 %] /\/\ /\/\

N/ TN
— O_ 1-0_ ‘:)
' —— Walleye pollock

+ 3 - — — Pacific cod
- 3 b) Pacific coc
s % 0.8 ---- Arrowtooth flounder
2 » s
I =
5 5 \
E 11 2 /N
C_G /\/\/\ 9 ’
2 S |
© o aQ
c I o 0
— o
% 371 ¢) Arrowtoott
<

2_

1_ v \-

[ ey,

| | | |
1980 1990 2000 2010

I [ | I
1980 1990 2000 2010

u.s. DepartmentoFCommerce | National-Océanic-and Atmospheric Administration | NOAA Fisheries™| Page 33




Understand mechanisms of change

a) = Walleye pollock
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Fishing mortality
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Selectivity
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CEATTLE 2016: Pollock age classes

years Agel Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10 Agell Age 12+
1979 1732 1.739 1.022 0583 0.552 ' 0.206 0.1 0.205  0.197 .
1980 0933 3.884 2.283 0988 0.498
1981 1.385 1650/ 5164 0.857
1982 0955 1.914 2.056 5 1.992
1983 2710 1.000 2295 2.004 4.785
1984 0993 3.639 1.299 2.457
1985 2352 0.945 4.202 1.205
1986 1.246 2.378 1.091 3.914
1987 0.850 1.264 2.955 1.104
1988 0508 0.652 1.402 2.730
1989 0943 0441 0.758 1361 2764 0981 2985 0.679 0.963 0632 1067 0.396
1990 2375 0.704 0404 0571 1053 1928 0607 1715 0379 0525 0.335 0.759
1991 1.285 3.376 0.936 0444 0.637 1.037 1674 049 1410/ 0309 0.421 0.836
1992 0866 1.549 4165 0916 0.435
1993 1.685 1.131 2.026/ 4.246 0.903
1994 0722 2344 1.432 1961 3.970
1995 0642 0.772 2919 1402 1.882
1996 1.265 0.670 1.009 3.083 1.486
1997 1.666 1.428 0.810 0970 2.975
1998 1.016 2.186 1.853 0841 1.018
1999 0751 0.928 2429 1619 0.734
2000 1.155 0.912 1.197 2.505 1.688
2001 1.690 1.387 1.142 1.192 2.503
2002 1.130 2.216 1.825 1.195 1.241
2003 0.970 1.433 2917 1.899 1.229
2004 0.470 1.017 1759 2.840 1.816
2005 0.336 0453 1.147 1581 2.509
2006 0.743| 0.325 0520 1.075 1.483
2007 1516 0.863 0.404 0.525 1.090
2008 0.666 2.198 1.088 0.399 0.513
2009 2421 0.897 2934 1.151 0.419
2010 1.375| 4306 1.234 3.156 1.225
2011 0.978 1.751
2012 0.607 1.023
2013 1.739 0.701 .924 |
2014 1461 2.087 0.866 1.257 1.931
2015 0.781 1.377 2535 0.851 1.260
2016 0.504 0.596 1.623 2.464 0.845
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CEATTLE 2016: Fish age / length comp
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CEATTLE 2016: Srvy age / length comp
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Projections for BRPs




CEATTLE results

Summary of assessment results for 2016:

Walleye pollock Pacific cod Arrowtooth flounder
Quantity SSM MSM SSM MSM SSM MSM
2016 M (natural 0.518 2.291 0.367 0.979 0.269 0.852
mortality age 1)
2016 Average 3+ M 0.297 0.315 0.370 0.370 0.226 0.229
(across ages)
2016 total (age 3+) 12,765,196 11,310,126 1,364,563 1,335,013 500,469 493,279
biomass (t)
2016 SSB (female 4,973,790 4,429,230 241,188 236,601 362,375 358,115
spawning biomass; t)
*Projected SSB, (t) 5,037,200 3,016,240 419,961 382,908
*Projected SSB 4y (t) 2,014,460 1,206,530 168,253 153,163
**Projected SSB sy 2,482,140 2,781,050 146,696 141,982
ABC;;q0 (1) 1,884,950 1,683,130 172,056 167,148
**mMSY,100 (1) 1,817,130 2,363,310 170,896 168,683
Fao% 0.577 1.155 0.372 0.404 0.115 0.130
Fropasy 0.405 0.518 0.434 0.447 0.322 0.317

* SSB is based on the projected SSB at 2100 (equilibrium).
** mMSY. is aggregate multi-species yield

(\CZ) NOAAFISHERIES ™
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CEATTLE Recruitment: Pollock

single-species multi-species
08 200+ 82

Age 1 recruitment (billions)
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CEATTLE Recruitment: P. cod
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CEATTLE Recruitment: Arrowtooth

single-species multi-species
991 889@1

o
T

o
¢

o
T

o
T

Age 1 recruitment (billions)

?

0 0.1 0.2 0.3 0.4 0.5

Spawning biomass (million t)

3{? NOAA FISHERIES & U.S. Department of Commerce | National Oc€anic-and Atmospheric Administration | NQAA Fisheries*| Page 44 . *
| S A =



ABC multi-species proxy approach ofit et al. in press)
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Spawning biomass (million t)

ABC multi-species proxy approach ofit et al. in press)
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ABC multi-species proxy approach ofit et al. in press)
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Harvest

N ¥ 7 Single-species Multi-species
Harvest scenario 1 Harvest scenario 1
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Single-species  Multl-species
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MU'tiSpECieS control rules (Holsman et al. in press)

Harvest scenario 1 Harvest scenario 2 Harvest scenario 3 Harvest scenario 4

—_ 11 — 21 — 31 — 41 SSBy
o -- 12 _ _ - - 32 _ — - 42— SSBy X
--- 13 --- 33 --- 43 8
1.4 3.4 =
o
4 - - . a
)
>
)
2 - - . =
=
= - - _
c T T T T I T T T
© 1 = = .
E oo - - - -
o
9]
0 0.6 - = - ©
© o
£ \ =
o 047 " N 1 7 Q
5 \/ &
@ -
o 0.2 - - .
=
s 7 ) ) )
| I I I I | | | | I I I I | | |
© - _ _
I o6 )
o
« c
S
a - _ _ o
0.4 “. _\""0. W' —
Y} (XS =
o
o
0.2 . - . S
=
)
1 =
. T T T T h I T T T A T I I I h T T -I— = -I = <
1980 2000 2020 2040 1980 2000 2020 2040 1980 2000 2020 2040 1980 2000 2020 2040

Years

o,

25

<

f\! NOAA FISHERIES ™

%,
L] \ q“‘w.-a—m



Projected SSB
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Projected Recruitment (age 1)
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Projected Yield
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Multi-model inference for incorporating trophic and climate
uncertainty into stock assessments

James lanelli **, Kirstin K. Holsman ”, André E. Punt €, Kerim Aydin?

2 Alaska Fisheries Science Center NOAA Fisheries, 7600 Sand Point Way N.E., Building 4, Seattle, WA 98115, USA
b University of Washington JISAO/Alaska Fisheries Science Center NOAA Fisheries, 7600 Sand Point Way N.E., Building 4, Seattle, WA 98115, USA
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ARTICLE LNEO ABSTRACT

Ecosystem-based fisheries management (EBFM) approaches allow a broader and more extensive

Keywords: consideration of objectives than is typically possible with conventional single-species approaches.
Model averaging Ecosystem linkages may include trophic interactions and climate change effects on productivity for the
Model ensemble relevant species within the system. Presently, models are evolving to include a comprehensive set of
Multi-species model fishery and ecosystem information to address these broader management considerations. The increased
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ACL'M Alaska Climate-change Integrated Modeling project
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Carbon Emission Scenarios
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ACLIM

The Alaska CLimate change
Integrated Modeling project
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CEATTLE: Options
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CEATTLE: Options
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CEATTLE: Options
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Overwinter
Survival

Overwinter
Survival

Slide courtesy of J. Duffy-Anderson
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Pheto: Mar,k}Holsrﬁan
Lk P

NOAA IEA program

FATE 13-07
SAAM 02

2

INTEGRATED ECOSYSTEM ASSESSMENT

“Behind these numbers lies, of course, an infinity
of movements and of destinies.”

— von Bertalanffy 1938
...and of people!

Jim lanelli, K. Aydin, Ingrid Spies, Grant
Thompson

Stephanie Zador, Paul Spence, A. Hobday,
A. Hollowed,, Isaac Kaplan, Troy Buckley,
Matt Baker, Buck Stockhausen, P. Sean
McDonald

Mark Holsman (Brother; photos)
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AFSC Ecosystem Based Fisheries Management

TProcess oriented

coupled * [ 7Y \% Ecosystem modelmg
3
a

en human- blologlc

A f“ef system ﬁ
. ""‘a % ==Puf é
@mw ‘_ tock & Ecosystem

% Assessments

w“’

Flshenes

Alaska Fisheries Science Center
NOAA Fisheries

Management

g\ e a

{{? NOAAFISHERIES -5 U.S. Department of Commerce | National Océanic and Atmospheric Administration | NOAA Fisheries | Page 69 h



Management

Scientific Advice

Framework

E B M Fisheries Development Energy Eco Tourism Oil & Gas
Ecosystem
Based
Management
Conservatlon Shlppmg Sanctuanes Aquacuiture Etc

Ecosystem w
Based
Fisheries '
Management Cllmate Habitat PI’E ator

EAFM
Ecosystem

Approach to § g
Fisheries

Management CIlmate Hab'tat PrEdator

b —_— — —_— — — — a— —_— — e— i e i — e iy P—

M e

Species

f{? NOAAFISHERIES ™

\"’""'




Management

Scientific Advice

Framework
E B M Fisheries Development Energy Eco Tourism Oil & Gas
Ecosystem
Based -
Management Ny
Conservation  Shipping Sanctuaries Aquaculture Etc
cosystem “ ? ? ;
Based 3
Fisheries *‘
Management Climate Habitat Predator
EAFM Ecosystem Considerations Report
eaen Socio-Econ Report
pproach to )
Fisheries Ecosystem / ecological context
Management
Single
Species

(\C/) NOAAFISHERIES



Management

Scientific Advice
Framework

E B M Fisheries Development Energy Eco Tourism Oil & Gas
Ecosystem
Based
Management
Conservation  Shipping Sanctuaries Aquaculture

EBFM

Ecosystem
Based
Fisheries
Management

—_— — — —_— — — — — — — — — — —_— — — — — — — — — — —_— — —

Ecosystem
Approach to ? g
Fisheries

Management Climate Habitat Predator

—_—  — — —_— _— p— [ —_— _— F— J— _— — —_— —_— _— [

SSFM | e

Species

Dolanet al; (2016) ICES J Mar Sci 73(4):1042-1050

(7 NOAAFISHERIES



When to use multi-species models:

 When there is sufficient data/information

 When expert advice is not enough
 Relationships are non-linear and complex

o Species are fully exploited

 Pressures/impacts are high, efficiency is needed

o Scope for fishery response to management is high
« When management is ready for tradeoffs analysis

e
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Intergovernmental Panel on Climate Change (IPCC
5th Assessment Report

Projected Temperature Change |
~ Difference from
1986-2005 mean (°C)
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RCP2.6 2081-2100 RCP8.5 2081-2100
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Table 4

Components of the likelihood fusnction for each species i of age j in year y. EBS: Eastern Bering Sea. See Tables 2-4 for parameter definitions.

Description

Equation

Data source

Data components

BT survey biomass n(p2,)-in(7,) 3 NFMS annual EBS BT survey (1979-2012) T41
BRI
i 51
BT survey age composition ~Bi,3 ¥ (OE-',PU")]“ (f);y+v) NFMS annual EBS BT survey (1979-2012) T4.2
i Yy
EIT survey biomass [ln(ﬁjr)_m(ﬁ;")]z Pollock acoustic trawl survey (1979-2012) T4.3
; 2(%& » Tejt = 0‘2
EIT age composition i - éi Pollock acoustic trawl survey (1979-2012 T44
e comp -z 3 (0 +v)in( 05, +v) v :
j
Total catch i Fishery observer data (1979-2012 T.4.5
E‘?—‘ '“(Cr'y)z ':(C:y) . oc=0.05 ¥ ( )
1
Fishery age composition - Fishery observer data (1979-2012 T4.6
'y age comp SAD$> (O;J,+v)ll1(0';y+v) y ( )
i J
Penalties
Fishery selectivity o 2 : 2 20, if ’73'>’G(l’+l T4.7
S |In [ | -In| & s X= if o<y
£ ’3{3'+1 ’hfj+2 0.if  my<m,,
Priors
2
1
3
)H> (No.j) T4.9
1
2
Y3 (ery) T4.10
i ¥
v=0.001.
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Evaluate projection sensitivity — Temp effect << F effect

Single-species Multi-species
2000 2000
X~
1500 1500 © Harvest predS
[
1000+ 1000+ p Fpred =0
>
500 500 = "
g Min Bz,
o | | I I | I I | o | | I I | I I | threShO|d
400 4003980 2000 2020 2040
0 300 °
o
o
0 200 2
‘O
@
0 100~ o

?
?

I
980 2000

80 80~ 5
©

c

60 60 S
o

o

40 40 <
o

o

o

20 201 =
o

p—

L —

0 0 <

T [ I T [ I T [ T [ I T [ T T
1980 2000 2020 2040
Year

Holsman et al. in press. Deep Sea Res |I

i . - ! . _"5 2 _‘.’ " / S : "
f,.;:;%‘ 3 a ’ _4'. — S — - —*" = i . . > - ¥ \ : \4__.
f\!/g NOAA FISHERIES . U.S. Department of Commerce | National O_c_@j_;g and Atmospheric Administration [“-L\JOAA Fisheries"| Page79 ~.*

e, 4
L] \ %“"Uﬁiﬁf"



Stock status: B/B s > 1
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Spawning biomass (million t)
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SSB at max ABC
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Recruitment at max ABC
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