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A conventional (age-structured) stock
assessment (circa 2018)-|

* Age- and sex-structured population dynamics model.

* Multiple fleets (survey and fishery); fleets differ in terms of:
* nature (e.g. recreational vs commercial);
e gear type (e.g. trawl vs longline); and
* |location (e.g. state).

* Time-invariant natural mortality and growth.

 Selectivity and retention by fleet (and perhaps in blocks).

* Fitted to index, length-frequency, and conditional age-at-

length data.



A conventional (age-structured) stock
assessment (circa 2018)-II

* Data weighting for composition data based on “Francis
weighting”.
* Multiple sensitivity tests to explore the consequences of
uncertainty in:
 fixed parameters;
* data set choices; and
* data weighting.



Outline

 What is a spatial stock assessment?

* Why spatial stock assessments?

* A brief history of spatial assessments

e Assessments and population structure
* Modelling movement

* Modelling recruitment

* Modelling growth and natural mortality
* Parameter estimation

* Multi-species spatial models

* Final thoughts




What is a spatial stock assessment?

A stock assessment that includes multiple areas, where the model
keeps track of the numbers by area, i.e. the N-matrix is of the
form:

A
Ny’a - numbers by year, age and area

This approach to stock assessment differs from the areas-as-
fleets approach on which most stock assessments are
currently based.



What is a spatial stock assessment?

RS ifa=0

N S'A == s,A -
y:a ZZ XISAANSS e “fyad otherwise

where N Is the number of animals of age a of stock s in area A at the start of year y, RS’ IS the recruitment

(at age O) to stock s and area A at the start of year y, ijﬁ IS the total mortality on anlmals of age a and stock s

in area A during year y, and X; """ is the proportion of animals of stock s’ and age a in area A’ that move at
the end of year y to stock s and area A (dispersal / movement).



Areas-as-fleets-|

If the length- or age-composition for the same gear type differs between two
areas then either:
* the population is spatially homogenous, and selectivity differs
between the areas (areas-as-fleets):

f,A f,A
Sa Ft

fA_
Cy,a =

_Zy’a
N,.Ll-e ™)
y.a

* the population is not spatially homogenous, and selectivity may
not differ between the areas:

Sf Ff,A

f, _ _Z)'/A,a
y,aA_ ZAy Nﬁ,a(l_e )

y.a




Areas-as-fleets vs spatial assessment

Approaches to handling spatial structure range from:

* lIgnoring it and pooling over space -> bias (but
achieving potentially greater precision)

* Areas-as-fleets -> lesser bias and lesser precision
than ignoring spatial structure (perhaps only if
selectivity in the assessment is some-shaped and
time-varying)

e Spatial model -> least bias and poorest precision.

Relative Error (%)




Why spatial stock assessments?

* Increased biological realism. o] e
BT e N L
e Data show different trends in E- iw
d iffe rent a reas (nOt eXpIa i ned by = n-?ﬁl?ﬁ 8182 ATHAE 304 9490 O506 1iM12 = n_?ﬁ'?ﬁ B2 A7EA 9394 W00 05708 1142
differences in selectivity). o o
. . Em- .-.‘
* Decision makers want results P
I Western rock lobster
reported by area. : 7 De Lestang et al. (2012)
* Desire to reduce bias due to spatial e

Sparaming yaar

structure.



Why spatial stock
assessments?
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What is spatial?

Is there evidence of spatial structure in the stock?

Al -

The top three s i
° GI"OWth, If stock spatial structure, what are the identified mechanisms?

* Fishing mortality ]I .
e Recruitment. — .--—-—-

mmmm

If stock spatial structure modeled, was tagging or genetic data used?

up;Pdmnnl- s taps (Brownie) s lags (other]

Berger et al.. CJFAS 2017



Core challenges for a stock assessment

Whether and how will spatial structure be incorporated into the
assessment?

Is selectivity a function of age, size or both?

Does selectivity vary over time and/or between areas and sexes?

How are number of areas, sexes, age- and length-classes selected?

How are the fisheries and surveys aggregated for analysis?

Is selectivity domed-shaped for some or all of the fisheries and
surveys?

Is the stock at (or close to) unfished equilibrium at the start of the
modelled period?

Does catchability vary with biomass and/or over time?

How are the index data weighted?

How is natural mortality modelled (a constant, a functional form, and
age-, sex-, area -and time-varying?)?

Are the data provided as age, length, weight composition?

How is growth modelled (functional form and sex-, area- and time-
varying?)?

Are ageing data available in the form of conditional age-at-length?

How are the composition data weighted?

How are the growth and natural mortality parameters set (estimated or
based on auxiliary analyses)?

How is movement and dispersal modelled?

Are recruitment deviations treated as random effects or is penalized
likelihood applied?

Which parameters are estimated and which are pre-specified based on
auxiliary information

How is account taken of the lognormal bias-correction factor?

How is uncertainty represented?

12



A Brief History of Spatial Assessments

1e 73 "

1. Cons. int. Explor, Mer, 3703 245-160,

Stock Assessments (as we understand

. . . Sources of errors in and limitations of Virtual Population Analysis (=)
them; i.e. parameters being estimated " T (Cotort Analysis)
from data) came to the fore in the 1970s 0. Ulitang

b d o o S}fﬁtilulﬁlngnt:i‘rﬁne Eﬁf\lmrcll: N
.0, Box 1 72, M- Bergen-Mordnes, Morway
ased on (a) production models and (b)
V I t I P 1 . . Various sources of errors in Virtual Population Analysis (¥PA)are :_Ii:sc'uss-:d. Errorsinthe assumed
irtual Population Analysis. The first e T et e e amd e e noar

martality is constant. Stock size will be over- or under-estimated when natural martility is over- or

. . under-estimated. but estimated relative changes in stock size from year o year will be approxi-

p a p e rS to eX O re S at I a I St mately correct. Fluctuations in total mortality caused hy random fluctuations in patural mottality
r u C u re I n a from year to year will disappenr almost completely in VPA il a constant natural mortality s s

cumed. A trend in the tree naturol mortality with time or age will be converted to a trend in the

. VPA estimates of fishing mortalitics. Relative strength of weak and strong year classes will be

V PA CO ntext We re wrongly estimated by ¥YEA if the troe natural mortality varies with year class strength, and this may
W rl e n Owa r S t e influence various regression knes commuonly used for predicling year class strenpth from young

fish survey indices. Errors in VPA caused by uncven distribution of natural or fishing mortality

d f o throughuut the year are shown 1o be gc:::mliy small and nepligible. Effects of stock migration

an WPA are discussed. For a year chass which continuously migrates [Tom an area A (o an a1 B

en O 19705’ but tu n I ng I I lethOdS We re at @ constam emigration rate, equations which give the I!Umbcrgvl'ﬁsh of the year class at any time
in each of the two areas are developed. These equations may be utilized in a technique similar 1o

. VPA Tor retrospective analysis, and the application of this wechnigue is illustrated, 15 emigration

n Ot a I M is included in the natural mertality the traditional YPA may successfully be used in area A. Thers
p p I e a at t I I I I e . iz, however. no simple way 1o adjust for immigration in area B, and the traditional YPA may give

a completely wrong picture of the situation in this area.

Scanned by me in 1987!




A Brief History of Spatial Assessments

Migratory Catch-Age Analysis

Terrance J. Quinn |1
Juneau Center for Fisheries and Ocean Sciences, Uiniversity of Alaska Fairbanks, 11120 Glacier Hwy., [uneau, AK 99801-8677 LISA

Assessment methods expanded in Richard B. Derio

Imter-American Tropical Tuna Commission, cio Scripps Institution of Oceanography, La Jolla, CA 92093 UISA

the 1980s with the introduction of and Philp R. Neal

Intermational Pacific Halibut Commissian, P.OL Box 95009, Seattle, WA 98145-2009 USA

I nteg rated An a |yS i S (e . g . FO u rn ie r Cuinn, Tzi'lé_;;?[)mso and P, R, Meal, 1990, Migratory catch-age analysis, Can. ). Fish. Aquat. Sci. 47:

We review techniques for estimating the abundance of migratory populations and develop a new technique based

: H on catch-age data from geographic regions and our earlier technique, catch-age analysis with auxiliary infor-

a n rc I a o e I rst mation (Deriso et al. 1985, 1989). Data requirements are cah:h—aﬁt data ever several years, some auxiliary
) information, and migration rates among regions. The model, containing paramesers for year-class abundance,

age selectivity, full-recruitment fishing mortality, and catchability, is fited to data with a nonlinear least squares

: . : algorithm. We present a measurement error model and a process error model and favor the process error model

S patl a I nteg rate a na yS IS l I IO e because all model parameters can be jointly estimated. By application to data on Pacific halibut, the process
error model converges readily and }deuces estimates with no significant bias, These estimates have relatively

high precision compared to those from analyses which did not incorporate migration information. The error

appears to be a generalization of e Tk ot ey o e e o s st migaton e, A sensivi
On passe en revue les technigues d'évaluation de Fabondance des populations migratoires et on éabore une

o o . . nouvelle technigue fondée sur les données relatives & la prise par &ge provenant des diverses régions géogra-

CAG EA N fo r Pa C I fl C H a I I b u t Qu I n n et phigues et sur notre technique antérieure, C'est-a-dire I'analyse des prises par ge au moyen de renseignements
auxiliaires (Deriso et al, 1985, 1989). Les données nécessaires sont les donndes sur les prises par ge portant sur

plusieurs années, certaines informations auxiliaires et les taux de migration entre les régions, Le modéle, qui

| comprend des paramétres relatifs 3 "abondance de la classe d'dge, 4 la sélectivité en fonction de dge, 4 la
al., 1990)

martalité par péche en régime de plein recrutement et 3 la capturabilité est ajusté aux données & aide d'un
algorithme non lingaire des moindres carrés. MNous présentons un modile d'erfreur de mesure et un modele
d'erreur de processus; nous préférons le modéle d'ereur de processus, car tous les paramétres de ce modéle
peuvent &tre évalués conjointement, Lorsqu’il est appliqué i des données sur le flétan du Pacifique, le modele
d'emeur de processus comverge facilement et produit des estimations sans emeur appréciable. Ces estimations
ont une précision relativement élevée par rapport & celles des analyses qui ne comportaient pas de données sur
fa migration. La structure d'erreur emplovée dans un modile a un impact plus appréciable sur les estimations
des paramétres que les taux de migration. Une étude de la sensibilité des taux de migration montre une sensibilité
de Iordre des taux eux-mémes.

Recefved September 29, 1989 Requ fe 29 septembre 1959
Accepted July 24, 1930 Accepté e 24 juillet 1990
(JA3i3)




A Brief History of Spatial Assessments

The early 2000s (and subsequently) saw the development of variety of
spatial assessments (that were used for management purposes).

A spatially disaggregated, length-based, age-structured population
model of yellowfin tuna ( 7hunnus albacares) in the western and central
Pacific Ocean

John Hampton® and David A. Fournier®

ASecretariat of the Pacific Community, BP DS, 98848 Noumea Cedex, New Caledonia. email: JohnH@spe.int
BOtter Research Lid, PO Box 2040, Sidney, BC WEL 353, Canada

Abstract. A spatially disaggregated, length-based, age-structured model for yvellowfin tuna ( Thunmis albacares)
in the western and central Pacific Ocean is described. Catch, effort, length-frequency and tapging data stratified by
quarter (for the period 1962-99), seven model regions and 16 fisheries are used in the analysis. The model structure
includes quarterly recruitment in each region, 20 quarterly age classes, independent growth patterns for juveniles
and adults, structural time-series variation in catchability for all non-longline fisheries, age-specific natural
maortality, and age-specific movement among the model regions. Acceptable fits to each component data sat
comprising the log-likelihood function were obtained. The model results suggest that declines in recruitment, and
4s a consequence, population biomass, have occurred in recent years. Although not obviously related to over-
exploitation, the recruitment decline suggests that the productivity of the yellowfin tuna stock may currently be
lower than it has been previously. Recent catch levels appear to have been maintained by increases in fishing
maortality, possibly related to increased use of fish aggrepation devices in the purse-seine fishery. A yield analysis
indicates that average catches over the past threa years may have slightly exceeded the maximum sustainable vield.
The model results also reveal strong regional differences in the impact of fishing. Such heterogengity in the
fisheries and the impacts on them will need to be considered when future management measures are designed.

Addittonal keywords: length-based model, statistical age-structured model, spatial model, stock assessment

Stock assessment of school shark, Galeorhinus galeus, based on a
spatially explicit population dynamics model

André E. Punt*, Fred Pribac®, Terence I. Walker®, Bruce L. Taylor®,
and Jeremy D. Prince”

ACSIFO Division of Marine Fesearch, GPO Box 1338, Hobart, Tas. 7001, Australia. email: punti@marine. csiro.au
B larine and Freshwater Fesearch Institute, PO Box 114, Queenscliff Vic. 3223, Australia
“Biospherics Pty Ltd, PO Box 168, South Fremantle, WA 6162, Australia

Abstract.  The school shark (Galeorhimus galens) resource off southemn Anstralia 15 assessed by use of an assess-
ment approach that takes account of the spatial structure of the population. The population dynamics model imderly-
ing the assessment considers the spatial as well as the age-specific characteristics of school shark. It allows for a
series of fishenies (each based on a different gear type), explicitly models the pupping/recnutment process, and
allows for nmltiple stocks. The values for the parameters of this model are determimed by fitting it to catch-rate data
and mformation from tagging studies. The point estimates of the pup production at the start of 1997 range from 12%
to 18% of the pre-exploitation equilibrium size, depending on the specifications of the assessment. Allowing for
spatial stuicture and incorperating tag release—tecapture data lead to reduced uncertainty compared with earlier
assessments. The status of the resource, as reflected by the ratio of present to virgin pup production and total (1+)
biomass, 15 sensitive to the assumed level of movement between the stocks in New Zealand and those in Australia,
with lower values comresponding to higher levels of movement.




A Brief History of Spatial Assessments

The early 2000s (and subsequently) also saw the development of spatial
models (fitted) to data to form the basis for management strategy
evaluations (usually to assess the consequences of ignoring spatial variation

in growth) as well as to provide the basis for assessments of stock status
and to calculate catch limits.




Packages that allow for spatial structure

CASAL & CASAL2
* Used in New Zealand and CCAMLR (hoki etc)
GADGET
* Used in Iceland (cod, saithe, etc.)
MULTIFAN
* Used extensively for tuna, particularly in the Pacific
Stock Synthesis
* Used widely, but relatively few spatial applications at this point
e SPM
* Under development, but spatially very complex.
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Table 1 {contimied)
Specles/stock Key Reference Naotes
Bryde's whale, Balmnoptens brydel (Western North TWE (2008) 1 ar 2 stocks (some with sub-stocks); two sub-areas

Pacific)

Fin whale, Balenopters physabes (North Atlantc) TWE (2017) 3 or 4 stocks (some with sub-stocks); seven sub-areas
Humphack whale, Mepaptens novasanglise (Morth Punt et al. (2006) 2 gocks; 7 aub-aeas

Atlantie)?
Humphack whale, Megaptera novaeangliae {Oceana)” Ross-Glllesple et al. (2014, 2015) 3 stocks

Gray whale, Eschrichius mbisis (North Paclific) Purnt (2016) 1 ar 2 stocks (some with subsstocks); 13 sub-areas

Stock assessments are used:

* to provide management advice; and

* as the basis for Management Strategy
Evaluation.

Spatial stock assessments have been
developed for:

 finfish (including sharks);

* invertebrates; and

* marine mammals.




Assessments and Structure-|

Spatial structure means asking questions about population structure

* How many “stocks” (or “sub-stocks”) in the region to be assessed
* Stocks: demographically-independent population units.
* Sub-stocks: some dispersal among population units so the dynamics of one
sub-stock are not independent on those of others.
* How are the population components in different areas linked:
e Dispersal: Transfer of individuals between stocks (or sub-stocks)
 Movement: Permanent (or non-permanent) movement of animals within a
stock.



Assessments and Structure-l|
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Example 1: Single stock

Yellowfin tuna in Indian Ocean

* Four areas

* Beverton-Holt (quarterly) recruitment

e Estimated post-recruitment movement rates
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Example 2: Single stock

Canary rockfish off the US west coast N

47°30"
* Three areas L@ wasninoter
2
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Example 3: Multiple stocks

Hoki off New Zealand

e Two stocks; four areas

* Migrations (West)
 QOct-Dec: West Coast -> Sub-Antarctic
 Dec-Mar: Recruitment to Chatham Rise
* Apr-Jun: Chatham Rise -> Sub-Antarctic
* End June: Sub-Antarctic -> West Coast

* Migrations (East)
* Oct-Dec: Cook Strait -> Chatham Rise
 Dec-Mar: Recruitment to Chatham Rise
 End June: Chatham Rise -> Cook Strait

* No dispersal between stocks
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Example 4: Multiple stocks

Fin Whales in the North Atlantic

Seven areas.
Four stocks (one of which consists of
three sub-stocks).

Dispersal among sub-stocks estimated
using tagging data.

Hypothesis (IT). 4 breeding stocks with the W and E stocks also feeding in the central sub-areas.

E. Canada
(EC)

W.Greenland

we)

E.Greenland
(EG)

W.lceland
(Wi

E.lceland +

N+W Morway
(M)

Spain
(5p)

Feeding

. Breeding




Example 5: Multiple stocks

Gummy Shark off southern Australia

 Three areas and three stocks Q\\j
* The stocks are independent A\ o f8

T T T T T T T T T T T T
1940 1960 1980 2000 1940 1960 1980 2000 1940 1960 1980 2000

* Some of the parameters are shared among stocks.
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Does it matter?
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 Three areas and (a-b) one stock; and (c-e) two stocks

* Production model with r=0.2 g 2
* Areas 1and 2 and 3 are initially 20%, 50% and 30% of 2 g
K. ”

* (Catches:

* Constantinareal
* |Increasingin area 2
* Decreasing in area 3
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he Gray Whales
look out of window
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Tahle 1
Tie presencs matrices for stock souchure bypothesss 3a, 3h, 3¢, 3e, 52 and &
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Modelling movement

e Diffusion / advection models, with -H . —
’ 09! ' pee n Osl e se
most analyses (e.g. MULTIFAN- >09:flo. Front WMS‘/ (

based assessments) based on T @ ( @ﬁ

diffusive movement. — )
* Models that specify where each 3 L;i‘

age-class is at each time-step (i.e. L

the "mixing matrix” approach).



Modelling movement-| | /=

It is almost never possible to model the
matrix X in its full generality (Punt et al.
2000 tried this because using a conceptual
[and daily] model to determine an initial
choice for X and then modifying X, which
depended on month, based on fits to
data, including tagging data).

recaptured

Number

Region of recapture Month of recapture Age—group at recapture



Modelling movement-I|

The model developed for minke whales in

the NE Pacific “places” the whales by 5. _ st S e
_ Whaling grounds " _ o, g L
stock, age and sex in each cell. ' =
&5 .. ! 12
Note that this model was used as a spatial | e 13
. o 1
operating model for MSE work — where 0 oRE
. . Yellow =
the management strategy is “non-spatial” 9 / o O
= F £
Ha W 7 8 9
s -
East China Sea .2 E Pl
& | .
i I 2 3 | 4

|
I
7 | ! .
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Modelling movement-Il|

From Region 1N From Region 2

Most models now model movement using
transition matrices for which (for a given
sex and age), the parameters are logit-
transformed (and may depend on

R

Proportion to reg
0.0 02 0.4 0.6 038 1.0

Proportion to regi
00 02 04 06 08 10

| [~

T T T T
0 10 20 30 40

T T T
10 20 30 40

covariates, using age and sex) e s ° e

From Region 15 From Region 3
(1_ Z X C,A _ ; _\“ _ é_ \
a - §' © % © 1o Region N
X C,D = A+C If A i C g j E j EE Egg;g:%s
a c,D -2 - —
exp(35 ) . - ;

| Trow(oSP) otherwise N — i

Age class Age class

Bigeye tuna — Langley (2016)



Modelling movement-IV

Stock Synthesis

Two parameters per
movement definition to allow
separate rates for young (A)
and old (B) fish, with ramp in
between (linear in log space)

Movement rate

0.9 A

0.8 A

0.7 -

0.6 A

0.5 A

25 30 35 40

arealtoareal

=== =arealtoarea?2

== =arealtoarea3

arealtoarea 4




Modelling movement-V

FARPY

neyfrrrey L

ISTCHURCH ¢
Approx. Age Observations
Step Months Processes M fraction fraction  Label Prop. mort.
1 Oct-Nov Migrations Writn: WC—5A, Ertn: C5—CR 017 023 —
2 Dec-Mar ERecruitment at age 1+ to CR (for both stocks) 033 0.60
partl, non-spawning fisheries (Enspl. Wnspl) SAsum 0.3
CEsum 0.6
3 Apr-Tun  Migration Whome: CR—5A 0.25 090
part?, non-spawning fisheries (Ensp2, Wnsp2) SAaut 0.1
pspawn

4 End Jun Migrations Wspmg: SA—WC, Espmg: CR—=C5  0.00 090 —

3 Jul-Sep Increment ages 0.25 0.0 CSacous 0.5
spawning fisheries (Esp, Wsp) WCacous 0.5




Modelling Recruitment

A general stock-recruitment relationship:

o= fF(SSB,,1)g(s,q,t)h(s,i,q,t)k(q)
/ A | \

| Spatial distribution
Stock-recruitment relationship of recruitment

(could depend on area) | Seasonal allocation
Sex ratio of of recruitment

recruitment

o= T(SSB;,,t)



A general model of recruitment-l|

Stochasticity in the recruitment about the stock-recruitment relationship could be:
e annual, with a time-invariant proportion of total recruitment going to each area; or
e annual, but with a time-dependent proportion of total recruitment going to each area.

Annual deviations in recruitment are usually log-normal (with a bias-correction factor)
while the allocation of recruitments can be Dirichlet, or a logit-transformed random
variable. The annual deviations could be correlated spatially (as is the case in reality for
salmon, cod, etc.)

In Stock Synthesis, recruitment is computed globally and allocated to sex and growth
morphs, settlement events (temporal allocations) and areas.



An alternative recruitment model

MacCall et al. (ICES J. mar Sci.)
consider an alternative
recruitment model in which
recruitment depends on following
spawners (The “Go with the Old
Fish” hypothesis)

50

) R )
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I

Effective number of sites
10 40

20
1

Biomass / Maximum per-site biomass
1]

n? nn na on ne« ne an N4 n o4 av an
Fishng mortality Fishing monaity Fishing martality




Modelling growth and natural mortality-|

Growth rates may differ spatially: e o

« Ifignored, this can lead to bias when models are 1°
fitted to length data.

* Growth increments can be modelled spatially:

|I+1,i — (goo,i - I|)(1_e_Ki)

. sy —
where i denotes area PP A BRI s
* This approach performs adequately when vear
animals do not move. What happens if animals Pink ling (Punt et al. Fish Res. 2015)
move post-recruitment and growth differs

spatially?

Length (cm)
20 40 60 80 100 120 140
L 1 L L 1 1

Length {cm)

20 40 60 860 100 120 140
L 1 1 L 1 1




Modelling growth and natural mortality-l

Rick’s suggestions:

* Extend to area-specific natural mortality (but
this has computational implications).

* As fish move between areas update mean
length-at-age (and allow for sex-/area-specific
growth parameters), but this may have huge
computational implications.

* Assume length-at-age is unaffected my
migrating animals.




Parameter estimation

Consider a (typical) SS assessment with 20 years of data, 3 areas and 2 fleets in each area

Log(R,) 1 3 (1 plus 2 offsets)

Rec_devs 20 20

Spatial rec_devs 0 20

Selectivity >12 > 12 (unless shared)

Movement 0 > 12 (with post-recruitment movement)
Growth ~4 ~4 (unless growth is spatial)



Tagging data-| o /\

 Tagging data can be included in an assessment to ) / | \\_
estimate movement and perhaps also growth and T T i
fishing mortality rates — examples exist for: [mmearors N\ @
e tunas, rock lobster, sharks, and cetaceans f o
* (Care needs not to overweight the tagging data (each | / \\
tagging data point may not be independent as ot
assumed by, for example, a Poisson recapture s

process) [ o




Tagging data

 The “Hilborn” approach can be used

to include tagging data in assessment,

but this can be challenging when:
* there are multiple stocks; and
* the lengths of animals are
available, not ages, and selectivity
depends on age.

* InSS, tags released in area, p, at time,
t, at age, a, are distributed
proportionally among all biology
morphs according to the current
distribution of morphs.

Determination of Fish Movement Patterns from Tag Recoveries

using Maximum Likelihood Estimators

Ray Hilborn
Fisheries Ressarch institute WH- 10, University of Washington, Seattle, WA, 28195 LLSA

Hilborn, B, 1990, Determination of fish movernent pattems from tag recoveries using maximum likelihood esti-
matars, Can, |. Fish. Aguat, 5ci. 47 635643,

A general method for analysis of movement data from tag returns is proposed which has four maior components:
{1} a population dynamics and movement model that describes how the number of tagged individuals in each
spatial lecation changes over time; (2) an observation moded which describes how the tags are recovered and
reported; (1] a likelihood function that specifies the likelihood of observing a specific number of recoveries in
pach spaceftime stratum as a function of the number thought 1o be there under a pecific set of parameters of the
population dynamics, movement and observation models, and (4) a nonlinear function minimization computer
algorithm. This approach is applied to movements of skipjack tuna (Euthynmus pelamis). When tagging and
recapture take place in each spatial stratum, reliable estimates of movement rates can be obtained. The approach
described fs completely general and can be used in cases where movement takes place continuously, or only
ance in the life history. Methods for determining confidence limits and evaluation of residuals are presented and
ewtensions that include tageing mortality, tag shedding, and size specific velnerability are discussed.

Une méthode générale danalyse des données portant sur les déplacements 4 partir des bagues retournées est
proposée © celte méthode compte quatre &éments importants @ (1} un modéle de mouvement et de dynamigue
des populations qui décrit comment la population constituée par le nombre de sujets marqués dans chague
emplacement spatial, se transforme avec le temps; (2) un modéle d'observation qui décrit comment les bagues
sonl récuptnées el rapportées; (31 une fonction de vraisemblance qui détermine la vraisemblance de ['observation
d'un nombee donné de récupérations dans chague strate spatiale-temporelle en fonction du nombre qu'on estime
&tre présent en vertu d'un ensemble précis de paramétres retenus pour les modiles de la dynamiques des popu-
lations, des mouvernments et des observations; enfin, (4) un algorithme de minimisation de la fonction non lingaire,
Cette approche est appliquée aux déplacements de la thonine (Euthynnus pelamis) a ventre rayé, Avec le mar-
guage et le recapiure dans chague strate spatiale, il est possible d'olkenir des évaluations fiables des taux de
déplacement, Lapproche décrite est on ne peot plus générale et peot s"appliquer aux cas de déplacemaents
continuels ou aux cas d'un seul déplacement dans la vie. Les méthodes wtilisées pour déterminer les limites de
confiance el I"évaluation des résidus sont présentées; il est question aussi de la mortalité par marquage, de la
perte des bagues et de la vulnérabilité associde i chague taille,

Received April 6, 1987 Recu le 6 avril 1987
Accepted Oclober 16, 1989 Accepté le 16 octobre 1989
iJ9237)




Tricks that might help

 The amount of data is “increased” by disaggregating data (but usually not more
than in an areas-as-fleets assessment).

* To date, most spatial assessments are based on limited (or no) tagging data -

* This should be fine for cases when animals do not move post-settlement (e.g.
canary rockfish), and perhaps even when there is post-settlement movement.

 Some key parameters (e.g. selectivity, productivity, M) can be shared among areas
and stocks to reduce the number of estimable parameters).

 Moving to a random effects structure may improve estimation performance given
most “additional” parameters are what amount to random effects.




Decision process in a

One stock, spatial assessment
multiple stocks

Select stock structure (and
time-step)

|dentify spatial strata (and
alternative strata)

2,3, ...

: Age-structured,
Basic model structure .
size-structured

Total biomass, area

Key management outputs biomass, catch

limits... ??7?




Decision process in a

Spatial allocation of One area, multiple spatial assessment
recruitment areas, time-dependent?
Movement directions / Are all areas connected? f '
age-structure How does movement and ' TOUGH

l dispersal depend on age

DECISIONS

Selection of fleets (and Consider mirroring AHEAD
selectivity patterns) among areas;
asymptotic selectivity by

area (instead of dome-
shaped, ignoring space)




Decision process in a

Spatial variation in growth Causes problems when spatial assessment
and fecundity animals move?

Causes problems when

Spatial variation in natural . o
mortality animals move?
l THIS WAY? =
Data and the likelihood Are all data sources
functions spatial? Do we have

data on tagging /
movement?

OR THAT
< WAY?




Multi-species spatial models-|

Spatial models add many
parameters to a model (e.g.
fishing mortality rates by
area and year). The number
of parameters can be
reduced by analysing
multiple species
simultaneously, i.e. the
Robin Hood method.




Multi-species spatial
models-I|
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a0 0"N

Data are available on (a) landed catches of ~ wm
Tanner crab in the snow crab fishery and

vice versa [by area] and (b) the total catch .«
of Tanner crab in the snow crab fishery

(some of which is discarded) e

Snow and Tanner crab in the Bering Seaare 7 | T
modelled (using areas-as-fleets) in four - Alaska
areas. e \\ v
m | ",
%\ :

+
500N




Multi-species spatial models-Ill

- L | ——4
Fully-selected fishing mortality is modelled as: L_,\ik “‘y G %

f,AS

fs, A = f,AA¢
Fy _Fy e

where F,** is the fully-selected fishing
mortality for fishery fin area A during
year y on species s.

Fishermen’s news



Final thoughts

* Why have spatial assessments not been adopted widely?

 Complexity?
* Lack of general package?
* |nertia?

* Assessment platforms need to include multiple (and flexible) formulations regarding
stock structure

* Movement modeling — deterministic vs stochastic vs non-stationary.

* Ensure that that the assessment platform has been simulated tested, including the
ability of model selection methods (including fit diagnostics) to select among alternative
configurations.

* Attempts should be made to estimate migration rates within spatially-structured stock
assessments even if it is recognized that the estimates of migration rate parameters may
be poorly determined (a role for spatial random effects).




Benthocodon



