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Hydra Operating Model

Multispecies Model (Biological and
Technological Interactions

Size structured

Estimates predation mortality

Environmental covariates on growth,
maturity, fecundity

Generalized recruitment function
Multiple fishing fleets
Implemented in ADMB

Fishery Functional Groups

ACY) NOAAFISHERIES

» 10 fish species: 2 elasmobranchs, 3 piscivores, 2
planktivores, 3 benthivores

« 5 variable width size categories for each species

» Size specific predation mortality

e 2 growth forms, exponential and von Bertalanffy
e Temperature covariate on both growth forms

e Species specific recruitment

* 3 fleets: bottom & pelagic trawls, fixed gear.
» Size specific fishing mortality

e Simulation mode only, operating model

¢ Account for Technical and Biological interactions




Hydra Operating Model

Data Sources
Surveys | Catch Sampling
Oceanography | Fishing Effort
¥
Simulation Model
Recruitment
Module
Growth & Condition ¥
Modules
Consumption T
Module
Simulated Assessment
Fleet Sector & Fishery
Selectivity Module Survey Catch
Module Module
v v v
Simulated Data Multispecies
Biomass| Size Composition | Mortality | ———> Assessment Models
Catch
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Basic Model Structure

Fleet 1
]

FIeet12
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dogfish winterski herring

- Two forms of growth possible (von Bertalanffy, N
power function) . - : .

- Parameter estimates used in model were S e e e
assumed fixed throughout the simulation.

- Fitted to length at age data from fishery T U
independent surveys of GB (shown) B S e

winterfl Amack silverhake

- Growth functions were discretized to calculate
the time taken for a species to grow from the
lower end of a size class to the upper end.

]
&
2

goosefish

- The model timestep is based on time takes
fastest growing species to grow into the next - :
size class interval )

-~ T3 days per time step

oty
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Ry = f(S¢-1,8)e’t

where e®t are 1D lognormal random variables such that ,~N(—02/2,02)
f(St_1,0) is a predetermined functional form for recruitment

6 is a vector of model parameters.

R;, recruitment (millions) and has been scaled to represent age O individuals.

S¢, spawning stock is defined in metric tons.

For segmented linear stock recruitment model we define 8 = (a, 8, 6)
(hockey stick, and over compensatory form)
« is the slope at origin (recruits/spawning biomass)

6 is the change-point (the value of spawning stock biomass at which the slope changes)

f is the change in slope after the change-point.
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f(St-1,8) = aS;—4 if ;1< 6

— aSt_l + B(St—l - 6) |f St—l > 5

Note: when 8 = —a, the above equation simplifies to the hockey stick model.

Compensatory Over-Compensatory
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Stock-Recruitment sampling regime

Starting point-
Based on life histories (cannibalism)

0 10 20 30 40 50 60 70

Win{:er_Skate

Dogfish
T

Hockey stick model fitted to herring, haddock, yellowtail flounder,
winter flounder, mackerel

T T T T T T T
Oe+00 1e+05 2e+05 3e+05 o 50000 100000 150000 200000

Over compensatory model fitted to dogfish, winter skate, cod, silver
hake, monkfish

Herring

0 1000 2000 3000 4000 [} 10 20 30 40
1 1 | | 1 1 1 1 Il 1

0 10 20 30 40

T T T T T T T
Oe+00 1e+05 2e+05 3e+05 4e+05 5e+05 Be+05

To account for uncertainty in the S-R data and to tackle the issue of
‘missing” data for lower levels of spawning stock we adopt a simple
sampling regime to select variants of these fitted models.

10 20 30
1 1 1

0 5 10 15 20 25

Haddock Yellowtail
T

Rules:

1. Breakpoint [min(SSB)/2, §] (dotted lines)

2. Asymptote unchanged (for hockey stick)

3. Slope after the breakpoint calculated to pass through
fitted value of largest SSB (over compensatory)

0 2 4 6 8 10 12 14 0
0 50 100 150 200

Winter_Flounder Mackerel

Criteria:

mean biomass > min (survey data) (after period of no fishing)
0.5 min(survey data) < mean biomass < 2x max(survey data)
min(reported landings) < mean landings < max (reported landings)

0 200 400 600 800
1 1 1 1 1

Silver_Hake Monkfish
T

o

, WLLY 3

 NOAAFISHERIES



Consumption/Predation

Predator requirements
(how much pred needs to

Prey suitability consume to account for its
(size preference growth. Function of mean
& vulnerability) stomach content ) Number of Predators

(account for total
\ \ / consumption)
Zz pl]mnl]tNl]t
mnt ZaszuabWabNabt'l'Q\
/ \ Other food

Mean weight of Prey

Number of Prey
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Consumption: Size preference

1 1 2

/ r

preferred ratio of

Size preference Variance prey;pred Weight
@
O
c
o
D
©
S
0.00 0.05 010 015 0.20
Prey:predator
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Consumption: Prey Suitability

Dogfish
Winter Skate

Herring

Cod

Haddock

Prey

Yellowtail Fl
Winter Fl
Mackerel

Silver Hake

Monkfish
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prey vulnerability
!

Pijmn = Am,iﬁn,j

Predator
B «C}é& @ \?‘s&‘\
N C Faes®
o o
L
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o o
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Vulnerability Matrix (Food web)

Size preference




Consumption: Annual Food Intake

— Mean Stomach
_ - T
Ii,j,t = 365 x 24[ai€ﬁl t]Ci,j,t { Weight for
N J

Predator i of size

N

Hourly Gastric
Evacuation Rate
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Size preference

" (wn/w;)ojV2m P 202 n{wn/wj TJ
prey suitability ‘/ preferred ratio of
~ - Vulnerability prey:pred weight
Pi,jmn = “9n,j/1m,i
~a _
/ Pi,jmn Wm,n N mmn,t
r R

Prey weight  population

PijmnlijeNije -
)‘ '( Available prey
Intake population

— PijmnlijtNijt
Mzm,n,t = Z
- - a
i
N

Total requirement by . W N + O
Predator i, size | Zb P ,j,a,b*"ab'Va,b,t
J

N

Contribution to the mortality of prey m size n
by species |, size j

/) NOAA FISHERIES




Predation Mortality
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Fleets: Fishing Effort

Demersal Trawl

- 3 fleets
demersal trawls

. VAN
pelagic trawls W \\

fixed gear (longline, gillnet)

1980

- Historical domestic effort on 2 — fjw,
Georges Bank. Standardized to

account for vessel size and £
specific gear type (see plot) § /\ /\/\/\
- LA A A
- Have provisions to expand model JN___ NN N VA
to accommodate additional fleets pe -

- Selectivity of species by fleet

- Catchability of species by fleet - ‘/\J\Ju
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Fleets: Selectivity
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Fleets: Catchability

Demersal trawl catches a broad
selection of species

Pelagic trawl catches primarily
planktivores (herring and mackerel),
some haddock and silver hake

Fixed gear catches cod, haddock,
goosefish, spiny dogfish, winter skate

Note: Elasmobranchs caught in
demersal and logline are all discarded
(with high survival probability).
Exception (largest size class are kept
in longline with some regularity)
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4606
)

3e-08
L

2008
L

Demersal Trawl

mm__ [

1.0e-05 15606 20805 De+00
1 L ) L

5.0e-08
L

spinydog  winterskate  Aherring Acod haddock  yellowtailfl

Pelagic Trawl

| —

winterfl  Amackerel silverhake goosefish

(|

0.0e+00
L

spinydog winterskate Aheming  Acod  haddock  yellowtait

2.0e-06 3.0e-06
L L

1.0e-06
L

- | Fixed|Gear

winterfl  Amackerel silverhake goosefish

—

0.0e+00
L

ifi  winteri  Amackerel silverhake goosefish




Fleets: Mortality

selectivity  effort
\ .
Fijat = Sij.glijgEgell — P(Dijg)p(Survyjge|Dijgr)]

N

v

catchability Adjusted rate for elasmobranchs
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haddock
goosefish

Acod
silverhake

Aherring
Amackerel

Yield
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total mortality
predation mortality

+ fishing mortality

+ natural mortality
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Basic Model Structure

Fleet 1
]

FIeet12
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Assessment

Every 3 years: assess status of the system

hreshold Constant

Exploitation rate determines fishing effort

Exploitation Rate

If average biomass levels fall below a
defined threshold - effort is reduced

Biomass/Unexploited Biomass

|If average biomass levels rise above
threshold — effort is increased Threshold - %B0

Starting Rate
, , , , 1 04 03 02 01
8 different Harvesting strategies (shown in 40325 0225 01375 005

table) 035 0275 02 0125 005
03 02375 0175 01125 005

025 02 015 01 005
02 01625 0125 00875 005
015 0125 01 0075 005
01 00875 0075 00625 005
005 005 005 005 005

Compare to harvesting at fixed exploitation
rate throughout simulation

Exploitation

»
»

Exploitation rate reduced

o

, WLLY 3
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Assessment: Performance Metrics

Compare simulation model results
across all harvesting strategies.

Radar plots:

- Revenue

- Large fish in landings

- Large fish in population

- Stability of landings

- Biomass of population

- Biomass of landings

- Indicator of species/group
status

Analyzed results for 2 time periods
- Last 10 years
- Mid 10 years

A/ NOAA FISHERIES

(a) Fixed Rate: Functional Group (b) Species (c) Species (Increased Threshold)

(d) Ramped Rate: Functional Group
Revenue Revenue Revenue

Large Fish “ N Functional Group
Landings ~ Status
Large Fls]
Population

Landings

— 5 () (15 02 0.25 0.3 s 35 e




Assessment; Diagnostics

dogfish skate herring

700

Biomass

Functional Group level and species L1
|eve| plOtS for any Of the 6 005 O%Qo?f):():;."); 005 "015 " 025 035 0b5 "015 "025 035 '
scenarios gl

100 200 300

b
b
L
500
I

400 500 600
-
LT H

-
CI-
-4
LT
. 1500
]

1

0
b

00
250 350

0
i

o g8{ " 1
;g, 27 © N —
s - ] ] T T
@ = = o <4 o -
1 m S 005 0’5 "025 "ol 005 015 025 035 "
= IO aSS g wint_fl silverhake
X o ]

70
G
|
490 .
I
ruﬂih
LT
i
Hi

.
0
- Landings SRES 1 s o T e -
g =] N 1 e
P 1 &1 I 24 S
b ] [ |
- Status Piscivores Planktivores Benthivores Elasmobranchs - TTT 7] Qﬁ LT T o
Biomass. 2] 32 El o e i
& S 27 005 "015 "025 035
< = o goosefish
1 E o 7 dogfish skate o herring
- T Q 2 =¥
o S o4 © o | Catch - I
21 =107 = @ &3 1
L2 o - - 1
B g eIzt “l&e 2 &
] o5 ! s ElEl T @]
= - 1
o & g L HH[ SOEEsszs| & N g
2 s e LI T T | ™ i e R
g ° - - 005 015 025 035 ° Heaeaasas L = o o A S
o - S 005 "015 T025 " 035 005 035 "025 " 035 005 T 015 T 025 " 035
005 02 03 04 005" "02 03 04 cod haddack yail A
o o Q| 4
£{ Catch 2] s g 8 R
— g 37 o _- _
o 8 21 - B 1 ‘E; : E
0L gl o ol =EBE08/ 24 i -
g =] o —_———=—— | V=T - ﬁ ol + | T T
2 _ - = 1% ' TT 1 ! [
Sg === S g1 2 gl — ol RN S
v = s ST LT =} 005 "015 "025 " 035 005 015 " 025 035 005 " 015 025 " 035
aFSS| © = [ I é wint_f - mackerel silverhake
=" = - all ITT &S E
2] = TBrrree ] L _TTIT11z o : =
- of Tililll. UL | TamasssE g/ 0
« == - = - T
005" "02 03 04 005" 02 03 04 005 02 03 04 005" "02703 04 =TT ==
I R o o ==
o . a o - - s 7 - =
= fProportion Overfished - _ = =1 - : [ _—_T - | =
- - = - <o - S R o RS O -
o Sl = o S 005 "015 "025 " 035 005 " 035 " 025 " 035 005 T 015 T 025 " 035
- goosefish
© o | © o |
= = _ = =
< < = < < 8
S S S S
o ST o o | o T
o o o o -~ e -
- _ o=
2 ______EE g,ag 2 = [ —— - éEE'$
005" "027 03 04 005" "02703 04 005" T02703 04 005" T02703 04 005 015 025 035

@R/ NOAA FISHERIES




Assessment; Diagnostics

coiny dogtsn 5 winerstate ) pnering Acod PR il -
Plots for any of the designated -
harvesting strategies l : g e
o b wie vmw S RN

- Biomass (species, group,  =. el SR

discards) ; i r=aar = S
- Landings (fleet, group, species =~ s} Lo 10
- F (SpeCieS’ Size) R recr;i;cmént : " ; » @

. spiny_dogfish winter_skate o Aherring Aecad
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- M2 e | 8 predation_mortality_size
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- ratio of pred:prey .
- stability of landings
- stability of biomass

0o

20 7 40
Amackerel

millions
150 250
200 400 600
0.15

005 0.10

0

0.00
0.00
0.00

0 20 40
silverhake

500
8

is

300
0.015

0.005

0 100

/) NOAAFISHERIES



