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Spiny Dogfish Research Track
Working Group

Co-Chairs: Conor McManus & Cami McCandless
Lead: Dvora Hart
Working Group Members:

e Jason Didden

 Kristen Anstead

 Halie O’Farrell

Jui-Han Chang

 Kathy Sosebee

 Alex Hansell

* Ben VanDine 4
June 30,2021 - November 1, 2022
Met 23 times
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Bluefish Research Track
Working Group

Chair: Michael Celestino
Lead: Tony Wood
Working Group:
 Karson Cisneros - MAFMC
 Katie Drew - ASMFC
 Sam Truesdell - MADMF
* Abigail Tyrell - NEFSC
* Jessica Valenti - NEFSC/Rutgers
 Samantha Werner - NEFSC
July 29, 2021 - October 11, 2022 4
Met 21 times
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Research Track Peer Review
e December 5-8, 2022

* Review Panel:

Dr. Yan Jiao, Chair
« MAFMC SSC Member: Virginia Tech University

Dr. Robin Cook, CIE Reviewer
» University of Strathclyde, United Kingdom

Dr. Paul Medley, CIE Reviewer
* Independent Consultant, United Kingdom
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Dr. Joe Powers, CIE Reviewer
* Independent Consultant, United States
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Landings

Gillnets have been the primary gear since 1989
Earlier landings were dominated by otter trawls,
and in the 1960s and 70s, foreign trawlers
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Discards

Discards have declined since the early 1990s but
still comprise a substantial portion of the catch
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Biomass (kg/tow)

Biomass (kg/tow)
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Surveys

Males increasing
Recent trend for
females slightly
increasing in the
spring survey,
decreasing in the fall
survey
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Surveys

Spawning output (calculated pup production, similar to
spawning stock biomass) has been low in recent years, based on
the spring survey, due to the limited number of mature females.
Consistent with this, recent recruitment has also been low.

— Spawning Output
— Total Biomass
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500/ Expanded spring
survey trends,
using a 3-year
moving average
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Life History

Decreasing length at maturity
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2025

Female spiny dogfish
are maturing at
smaller lengths in
recent years and are
not growing as large
(asymptotic female
length reduced from

100.5 to 89.24 cm)
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Stock Synthesis 3

Stock assessment model commonly used on
the US west coast. It was recently successfully
used to assess Pacific spiny dogfish

Does not require age data (not available for
spiny dogfish) - can directly use length data
instead

Can model sexes separately: A
* important for spiny dogfish, which is sexually
dimorphic and where only females are targeted
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Stock Synthesis 3 - results
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Spawning output
has rapidly
decreased since
its peakin 2012

- Fishing Mortality (age 12+)
-4 Spawning Output
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Spawning output (millions of pups)

Stock Synthesis 3 - Comparison with the
Stochastic Estimator (previous method)

400
L

* SS3 typically estimates higher
biomass, spawning output, and
lower F, since it is not assuming
100% catchability
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* Trends during 2000-2019 are
similar for the two models.
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changes in growth). @ NOAA
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Stock Synthesis 3 -
retrospective pattern
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Reference Points - Pups per recruit

Must have more than two pups per female recruit for
sustainability. At current growth, this means F < 0.03
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Spawner per Recruit Reference Points

Three spawner per recruit reference points were considered - 50%,
60%, 70%. Fishing at 50% SPR produced less than 2 pups per
recruit. Also, F was typically below the 50% SPR F limit during
2013-2019 and yet spawning output decreased rapidly.

When F was below the 60% SPR F limit, spawning output increased
whereas it decreased when F was above this limit. For these
reasons, SPR60% reference points were chosen.

Spawning output (millions pups)
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Reference Points using SPR60%

Target spawning output 370.8 million pups
Limit F rate (females) 0.025
MSY 16,792 mt

Using these reference points, and assuming

spawning output threshold is half the target,

overfishing was occurring in 2019 (0.032 > 0.025)

but the stock was not overfished A

@ NOAA
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Projections using SS3

SS3 predicts a large drop in spawning output
between 2019-2020, and then gradual increases, as
several stronger year classes begin to mature.
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Uncertainties and Research
Recommendations

* The working group was unanimous that the lack
of age/growth data during the last 40 years was
the most problematic aspect of this assessment.

[t recommended that an aging program for spiny
dogfish should be established to allow for the
continuous inclusion of such data and better

inform growth in the assessment model. ‘
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Bluefish Research

Track Assessment
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Model Building Summary

Model building procedure was primarily carried out in ASAP

First step was to update the SAW60 model through 2021:
Continuity run

A base model was constructed by adding new data and indices
to the continuity run WHAM is a flexible

A model bridge was then built through step wise changes in data
(changes in calculation, addition of new data, removal of data),
model specifications, and weights

The final ASAP model was shifted into a new model framework,
WHAM

General state-space age-structured assessment model that is ﬂ
able to incorporate environmental effects on population
processes

Models that included random effects on the NAA were explored

and model selection was used to select the final model @ NOAA
. FISHERIES




Woods Hole Assessment Model (WHAM)

WHAM is a flexible model framework that can be configured as
a traditional statistical catch-at-age model, which allows for
bridge building transitions from models like ASAP

The RT2022 working group chose WHAM because of its flexible
framework, specifically allowing for the estimation of random
effects on recruitment and NAA

State-space models tend to have lower retrospective bias in
model results, and more realistic estimates of uncertainty

Also shifted into WHAM to explore environmental covariate
links on the catchability of different surveys indices ﬂ

The focus of the model exploration in WHAM was to investigate
NAA RE with the final bluefish model from ASAP, and not
continue building a model bridge
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Final Bluefish Model: BF28W

The Final model was explored with random
effects on recruitment and numbers-at-age

Each model explored different options for
treating the yearly transitions in survival
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Best State Space Models: Results

ReSUItS from the top 3 N Model — BF28W — BF28W_m7 — BF28W_ms5 BF28W_m4
state-space models and the /\ m
base statistical catch-at-age - M/—;f\j/v\/‘—/\/\;

0.2 e

model show good
agreement among the

model results o \J’\

Recruitment

Final model chosen as full

state-space model with o \

NAA deviations on all ages | == S S

and correlation —T A
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January 1 numbers at age (105)
300 400 500 600

200

100

Final Model Abundance

*  Abundance estimates maximum of
599 million fish in 1985, declining to
162 million in 1995, increasing to a
peak of 269 million in 2005, and the
terminal year estimate of 162 million
fish

* Estimates of recruitment have
remained steady since 1992,
fluctuating around a time-series
average of 128 million fish.

* Recruitment has remained below
average for the past 12 years, and
was estimated at 87 million fish in
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SSB (kmi)

Fully-selected F
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0

0.6 07
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Final Model SSB and F

T
1935

T
1990

T
1995

T
2000

T
2008

T
2010

T
2015

T
2020

Spawning stock biomass started from a
high of 218,291 MT in 1985, declined
over the time-series to a low of 41,377
MT in 2018, and increased to a value of
55,343 MT in 2021

The majority of the spawning stock
biomass is ages 4, 5, and 6+ for the
entire time-series

Fully selected fishing mortality in 2021
was 0.166, compared to an average F
from 1985 to 2021 of 0.309.

Estimates of F have varied over the time
series with a peak in 2018 of 0.456, and 4
the lowest value of 0.166 in 2021
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Final Model Retrospective

Retrospective patterns for the final model are improved over

the base model and were considered minor for:

fishing mortality (-0.096 vs -0.197)

recruitment (0.01 vs 0.06),
SSB (0.130 vs 0.248).
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Environmental Co-Variate Companion Model

One of the main reasons the bluefish assessment model was
moved in WHAM was to explore environmental covariates on
the catchability of different survey indices.

Application of the forage fish index to the MRIP catchability was
successful when implemented as an autoregressive process over
the time-series with WHAM estimating the standard error

Inclusion of the forage fish index improved the fit of all models
(m2-m7), and model selection via AIC chose the environmental
version of the base model as the best fitting model
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Does prey drive availability of bluefish?

Bluefish, Pomatormus saltatrix

Bluefish diet in the Northeast US

Northeast Fisheries Science Center Diet Data Online: https:/fwdp.shinyapps.io/tm2020/

We built a spatial "forage index" based on 20 prey groups using stomach contents of 22 predators
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https://fwdp.shinyapps.io/tm2020/
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Aggregating predators: diet similarity to bluefish in gold
Aggregating predators: diet similarity to bluefish in gold

L

@ & 810 S
Q, N ™
$1% 3 3% 5 S38889¢
L, 85% 3098892 CUIISES
2 = S0 TJIQ
% % 309509888, 7% suaccs2lVeS YL Sl
A%, 55807 %o ZpS08 EEXSESLS TGO LY 5
.97 iy SS9 9 Yior ¥
: CBEsEES IS S SE W S
COFSTATK T o 07 VN
N A
TEDG P P o’ WAL
N AP POR S R
LSS L P e
Q’g}o’b b@bbgw":\o\s“\be‘ @
RSPy W
%\(\Q R A 550}
Pttt
9@6“’0(@“83555"
ol SN | 0
B W0 o My
R U s
ea‘spo\ hoﬁtmﬁ \
Fone g M6
6 \ongtn 0ig. @4
leback Kere| | ) Lon fin portfin squt
A Nering, XS 31 Norbel )
MErican shaq Pollock..L\ 10/
ueback herrmg,,éL3(§ White hake..M(120)
Red hake. L(82)
ern sand lance..M(68 ;
antic mackerel. S(23 anerlhake..M(QS)
ican shad. Pﬂantic halibut. M(17)
A an shad 512 Wk AL(B1)
merical * " Silyer 8ke..
gantic NN Qler haje. L(11g)
AT Ry 0 GockLg54(02)
\o“eﬁm%--m\ Blgrelih
2erC T vl Coggrsh, XL
INCRRRTA 00s .. £31~(56,
O“s‘t\o cofi® 5{6 GOO Serg 5 (35 ) )
oo g 3 ool L155
o . W s
o SQ\M CV‘\e‘ 3@@” \ 4/72’7)}/0 O/S /)SZ(@)
e oy ey
K\@“‘\G “(\o“ K &7/,% /éb /79;’@4”4(70
PR o @‘%’O’f”&fb@@qﬁf‘// ((7,0)
NS AN Oo:"@, %f/ %) 9
N $ AN
& 2R R
B S I X A
B e R S i EEEL A AN A )
C OIS 05522083758 8802 B )
S o bPEsLET05 3003030 500872 %
§ LFLgedgscet,agy a%é@%@,a@%} %
£F ScpPesylosgBEc g 02 9
OfF JF8FEoFwlAan3 L, B0
¢ o8fT520235%32 ®%,
T @3 a >085523 ¢ TE
Q9 EEUEE:ZE"S" (%
§< V8570w 38
Ko R F NS EAC
@ coEXavaT 2



NN

Spatial partitioning: examining forage trends at multiple scales

Mid Atlantic and Georges Bank (green), general bluefish range Inshore (dark and light blue) and offshore (orange) bluefish survey strata
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https://www.sciencedirect.com/science/article/pii/S0165783615301399
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Results: Fall Forage Indices by area

Region
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Relative forage biomass scaled to maximum
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Time series of VAST estimated fall forage indices for input
into the bluefish assessment, 1985-2021
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Environmental Covariate Companion Model

model

Model fit to the forage fish index (Blue) shows a slight decline
over-time, which results declining catchability (availability) over- 4
time (Yellow) when fit as a covariate on MRIP CPUE
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Environmental Co-Variate
Companion Model

* Results from the two best
ecov models, the final
model, and the base model.

* Thereis good agreement in
trend for all results, with
the ecov models estimating
a lower F and higher SSB for
most of the time-series.

Recruitment
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Final Model Reference Points

Both F;,, and SSB,.,, were calculated

YPR.SPR Reference Paint (Years Avg =) internally in WHAM using average

B recruitment over the time series (1985-
2021), and 5 year averages for fishery
selectivity, maturity and weights-at-age
for SSB per recruit calculations

Faco = 0.248

SSB;.,, Was calculated using SPR at 35%
(0.718) and the mean of the full time
series of recruitment (127,924 MT)

SSBac,, = 91,849 MT 4
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Final Model Stock Status

SSBrirestoLn S5Brareer
=45959mt  =91,897 mt
05 -
0.45 - 1
|
04 - ( ||| ///‘\\\H
7
0.35 - | |V i{} P \
z Iy at g
g 03 ’l p Q:\\ \
S 005 J S Fuey = 0.248 :
£ li \.
§ 02 - 1\ Not overfished and
015 i overfishingis not occurring
0.1 - R
0.05 -
U 1 T 1 1 1 1 T 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220 240

SSB (000s MT)
Reference points from the final model:
Facs,= 0.248 (0.209 — 0.299)
SSBsc, = 91,897 MT (66,219 — 127,534 MT) ‘
SSBriirestoLp = 45,949 MT (33,110 - 66,768 MT)
Retrospective pattern minor for both F and SSB and adjustment not necessary
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Final Model Stock Status

SSB/SSBasy,

T T
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1985 1990 1995 2000 2005 2010 2015 2020 |S cu rrently not OVerfIShed and
over-fishing is not occurrin

°° ¥,
H 3
3 :
] E
H

P

D

cO

. FISHERIES



Questions

. FISHERIES

o“ ¥,
s %
H 3
8 :
] H
2

P

D\

or



Candidate Model Results table

All state space models

2021 Positive
SSB Con- definite
Description I\ [ (MT) Fp verged? Hessian?
Base model:
BF28W | traditional statistical ~ ~ 68,631 | 96.4 | 0.152 | -0.063 | 0.248 | -0.197 TRUE TRUE
catch-at-age
All NAA transitions
m7 | Terndomefiects | | 3209 | 55,344 | 865 | 0.166 | 0.010 | 0.130 | -0.096 | TRUE TRUE
correlated by year
and age
All NAA transitions
m5 are random effects 3 3232 | 55,070 | 823 | 0.167 | 0.019 | 0.126 | -0.097 TRUE TRUE
correlated by year
All NAA transitions
are random effects
m4 independent, 46.2 | 3275 | 58,114 | 98.6 | 0.160 | -0.008 | 0.172 | -0.144 TRUE TRUE
identically
distributed
All NAA transitions
mé6 arerandom effects | 46.9 | 3276 | 58,786 | 99.9 | 0.159 | -0.004 | 0.177 | -0.148 TRUE TRUE
correlated by age
Recruitment
transitions are
m2 rendom effects | 119 | 3340 | 73,843 | 104.1 | 0.144 | -0.022 | 0.236 | -0.195 | TRUE TRUE
independent,
identically
distributed
Recruitment
m3 fransitions are 111 | 3340 | 72,329 | 101.3 | 0.146 | -0.020 | 0.245 | -0.198 | TRUE TRUE

random effects
correlated by year

converged and had a
positive definite hessian
matrix

Based on AIC selection, all
of the top models were full
state-space models, where
survival of all ages were
random effects

The model with the lowest
AIC was BF28W_m7, which
included correlation in the
random effects by year and
age (2DAR1)
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BF28W_m7 Historical Retrospective

=] =
- =]

Fishing Mortality
f=]
N

o
o

> * A historical retrospective analysis showing
p— the model results from the 2015 benchmark
assessment, 2021 operational assessment,

BFO1 the continuity run model, and BF28W-

m7 the final model

3004
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Millions of age-0 fish

100 4

300+
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BF28W_m7 Results: NAA deviations

Estimate Std. Error  95% CI lower  95% CI upper
NAA o (age 1) 0.305 0.049 0.223 0.419
NAA o (age 2-T+) 0.149 0.021 0.112 0.197
NAA residual AR1 p age -0.310 0.130 -0.292 -0.019
NAA residual AR1 p year 0.800 0.063 0.362 0.617
6
o) i 3
24 m 3
) I
- T T T T
1990 2000 2010 2020

* Correlation by age is low, and shows series of positive, negative and positive values from age-3 to

age-5 in the middle of the time-series

* negative correlation between these ages is likely a result of the changing availability over time of this‘

size class to the fisheries
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BF28W _mY7/ Projections

Short-term projections were conducted in WHAM, and incorporate model uncertainty,
auto-regressive processes and uncertainty in recruitment and numbers-at-age

Removals in 2022 were assumed to be equal to the 2022 ABC (11,460 MT), and projections
were carried forward for years 2023-2025 with different F and harvest assumptions:

F=0,F =0.166, F5c,, = 0.248, and that harvest in each year is equal to the

7 7 status quo
acceptable biological catch (ABC) in each year

The annual ABC values were derived using projected OFL catch and applying the Mid-
Atlantic Fishery Management Council (MAFMC) risk policy (CV = 60% and 100%)

The projections use 5-year averages for natural mortality, maturity, fishery selectivity and
weights-at-age

The full time-series of recruitment (1985-2021) was chosen to fully capture the range of
possible recruitment 4
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BF28W m7 Projections: SSB

Model — F35 — FO — FSQ — CR60 CR100

Projection P (2025)>
scenario Bthreshold

65,805 (39,305-  66,340(37,604- 64,083 (35,017- 61,784 (32,086-

Fyyo=0.24 0.84 21 I

sy = 0-248 110,170) 117,034) 117,275) 118,971) :

65,805 (39,305- 72,637 (41,394- 83,806 (46,270- 94,956 (49,788- 0.99 154

110170) 127,462) 151,792) 181,098) ' g !

m 1

[2] '

. PSPPIl 65805(39,305-  68,357(38,820- 70,009 (38411-  71,150(37,110- 0.93 @ !
status quo = - 110170) 120,367) 127,601) 136,412) ‘ 2 T Y WA y 7
IV HYLIA 65,805 (39,305- 67,891 (37,217- 68,583 (33,654- 68,804 (29,551- 0.85 DT
(60% CV) 110170) 123,847) 139,765) 160,198) ' R e . |

RV ES A 65,805 (39,305- 68,514 (37,767-  70,385(35,116- 71,553 (31,586- 0.88 |
(100% CV) 110170) 124,295) 141,078) 162,089) ' 0+ : . . : :

1985 1995 2005 2015 202¢&

Year

* SSB increased for all of the projection scenarios except for fishing at F,,c, = 0.248

* Probability of being above Brpespolp in 2025 ranged from 0.84 (F,,s,) to 0.99 (FO)

(0 A0S,
<3 9%




BF28W _m7 Projections: Catch

Projection scenario

13'922?8(88(_'9?98' 13,957 (7,784-25,022) 13,584 (7,157-25,784)
0 0 0
Ftatus_quo = 0-166 ) 9,569 (5,564-16,458) 10,127 (5,628-18,223) 10,292 (5,399-19,623)
MAFMC risk policy (60% CV) , 10,581 (P*=0.311) 11,118 (P*=0.314) 11,202 (P* = 0.316)
MAFMC risk policy (100% CV) ) 9,225 (P* = 0.311) 10,027 (P* = 0.321) 10,357 (P* = 0.327)

* Projected OFL catch decreased from 13,909 MT in 2023 to 13,584 MT in 2025

* Projected ABC from council risk policy (CV = 100%) increased from 9,225 MT in
2023 to 10,357 MT in 2025

* Most recent ABCs for bluefish: 2018-2019 = 9,895 MT, 2020-2021 = 7,385 MT
2022 =11,460 MT, 2023 = 13,890 MT
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