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Past assessments of the king mackerel populations inU.S. waters have assumed that there are two
distinct migratory groups, one living predominantly inthe Atlantic and the other predominantly in the
Gulf of Mexico. The abundance and mortality of each group has been estimated separately by use of
atuned VPA (Fadapt, Restrepo 1996), whichimplies the belief that the two groups seldomintermix.
Recently, concern has been expressed that the level of intermixing may not be negligible and that the
current estimates of stock status could be biased.

One way to address the possible implications of intermixing is through the use of box-transfer
models where the interchange between the two groups can be modeled explicitly. Porchet al. (2001)
have implemented two types of box-transfer modelsin the formof two-stock VPAs. The software for
this, known as VPA-2BOX, is available from the official web site of the International Commission
for the Conservation of Atlantic Tuna (http://www.iccat.es) or directly from the author.
Thisdocument provided abrief overview of programV PA-2BOX and how it might be applied to Gulf
and Atlantic King Mackerel. For amore detail ed accounting of the methodol ogy thereader isreferred
to the User’ s guide (Porch, 2003)

THE MODELS

The program VPA-2BOX includes two types of box-transfer models: Diffusion and overlap (see
Tables 1 and 2 below). The former assumesafraction Ty, of the population in zonej transfersto zone
k whereas the latter assumes a fractionTg, of stock s transfers to zone k. Essentially, the diffusion
model ascribes membership to a stock based on the current location of an animal with the tacit
assumption that immigrants adopt the movement and spawning behavior patterns of the endemic
population. The overlap model, on the other hand, ascribes membership to a stock at birth, with the
tacit assumption that the two stocks have overlapping ranges but otherwise seldom interact. Both
models reduce to single-stock VPA’s when the transfer fractions are set to zero, otherwise T and
T are not di rectly comparable inasmuch as the diffusion model alows fish born in one zone to
accumulate in the other. For example, if the transfer fractions for both stocks were both 10%, the
diffusonmodel (without mortality) would calculate that 10% of the fishbornin zone 1 will beliving
in zone 2 after one year, 18% after two years and 24.4% after three years.

The equations describing the catch and population dynamicsinclude alarge number of variables
representing the transfer coefficients, natural mortality rates, fishing mortality rates, catches and
population abundances. Of thesg, it is often only the catches that are actually observed. The VPA
approachto this problem isto devel op an explicit recursion that determines the historical abundance
and fishing mortality rate of each cohort from the observed catches and prescribed valuesfor M, T,
and the fishing mortdity rate on the last age observed for each cohort (F, or F,y, Wwhereaisage, y
isyear, Aisthelast age, and Yisthe last year).

Successful applicationof the VPA approach depends on three assumptions. (1) thecatchequation
correctly describes the dynamics of the fishery, (2) the observed catches are known with negligible
error, and (3) reasonablevauesof M, T, Fa,and F,y canbe derived. Thefirstassumptioniscommon
to all modeling exercises and is discussed further in the section on Model Selection. The second
assumptiondetermineswhether or notthe VVPA approachissuitable; if the catches are notwell known,
then astatistical catch-at-age model may be more appropriate.

The third assumption has oftenbeen addressed by fixing M, T, Fa, and F,y to several valuesthat
seemplausi ble and then comparing the resulting sol utions. The approachtakenby ADAPT and rel ated



methods differs from thisin that at least some of these parameters are estimated internally by use of
auxiliary data such as indices of abundance or tag recoveries (a process sometimes referred to as
‘tuning’ theVPA). Thetuning procedure occursintwo phases. Thefirst phaseisthe explicit recursion,
which determinesthe historical abundance and mortality ratesfromthe latest estimatesfor M, T, Fay
and F,y. The second phase uses the abundance and mortality rate estimates from the first step to
predict the values of the data. New values of M, T, F,y and F,y are then selected so asto minimize
the discrepancy between the model predictions and the observed values of the data as measured by
an appropriate statistical model. These values are in turn used to reinitiate phase 1 and the process
continuesin iterative fashion until certain stopping criteriaare met.

Estimation from abundance indices

Program VPA-2BOX allows parameters to be estimated by minimizing the negative log-likelihood
function of the observed and predicted values for various indices of abundance (Table 3). This
introduces several new variables that need to be accounted for-- the index standard error s,
catchability g, and relative vulnerability to the gear v (which implicitly includes factors such as
gear selectivity and the fraction of the population available to be caught). There are many options
availablein VPA-2BOX pertaining to how these variables may be treated and the reader is
referred to the user’s manual for a detailed accounting.

Estimation from tag recoveries

Program V PA-2box assumes the tempora and spatial distribution of tag recoveries from agiven
group (cohort) of releases are multinomial-distributed (Schweigert and Schwarz, 1993; Anganuzzi
et a., 1994) asdescribed in Table 4. Thistag attrition model includes terms for the reporting rate
(r), immediate loss of tags owing to misapplication or tagging-induced mortality (d), and chronic
loss of tags owing to shedding or fouling (1 ). The first two terms aways occur together as the
product (1-d)r and cannot be distinguished using tag recovery data a one; therefore only one of the
terms may be estimated and the other must be fixed. The chronic tag lossrate | issimilarly
confounded with the natural mortality rate M, but independent estimation becomes possible when
abundance indices are available in addition to the tagging data.

The model in Table 4 also allows for the possibility that the effective fishing mortality on the
tagged population may differ from that on the untagged population by use of pre-mixing adjustment
factors g ,. The vaues of g, can be difficult to distinguish precisely from F when only tag
recovery data are available (Hoenig et al., 1998), but the task is made easier when catch and
abundance data are included because F islargely determined from them.

Another necessary adjustment has to do with the fact that the VPA accounting is by year, but tag
releases tend to occur at various times within a year— sometimes before and sometimes after the
periods of most intense fishing. Consider, for example, agroup of fish that were tagged and
released at the end of the 7t" month after the major fishery was over. In that case the tagged fish
would be exposed to five months of tag loss and natural mortality, but none would be recaptured. If
no adjustments are made to account for this, the model would erroneoudly interpret the lack of
recaptures for that year as no fishing for the year, when in fact the fishing pressure could have been
very high. Thefishing fraction parameter f in Table 4 adjusts the fishing mortality rate parameter



by the fraction of the total fishing pressure exerted during the year that was experienced by tags.
This requires information on the seasonality of the fisheries beyond that which is normally
required by VPA (see discussion on line 34 of the control file). Of course this sort of problem only
occurs for the year when the fish were first tagged. In subsequent years the tagged population will
face the full cycle of fishing such that f =1.

Finally, it usualy will not be possible to distinguish members of the two stocks during the
_itagging process. In the case of the diffusion model thisis unimportant because the two stocks are
H:Jdefi ned by management zone (rather than by origin)--fish born in zone 1 and tagged in the zone 2
Lgéare considered to be members of the zone 2 stock and vice versa. In the case of the overlap model,
Owhere the two stocks are defined by origin, fish from each stock are assumed to be tagged in
sproportion to their relative abundance in each management zone, i.e.,

R = R Tskay Nsay

s TaayNay - (2.17)

herethe N and T values are the estimates from the VPA.

APPLICA;ION TOKING

The application of the two box models to King Mackerdl is straightforward. The past approach
of conducting two independent VPASs (one for each migratory group) isidentical to conducting atwo-
stock VPA with zero mixing. The fact that the geographic boundary delineating the two stocks shifts
withtime poses no special problems for thetwo-stock VPA. Boththe overlap or diffusionmodelswill
essentially assume that the transfer rates across the moving boundary are temporally invariant
(athough the model does allow the transfer coefficients to vary with age). They also assume that the
animals that transfer across the boundary have the same probability of being caught as the endemic
population. This condition may be violated, for example, when mixing occurs within alimited area
and thefishing pressureinthat areais different fromthe overall average (in which case athree-area,
two-stock model might be more appropriate).

Past experience with box-transfer models has shown that indices of abundance are generally
insufficient for estimating the transfer coefficients. Thus, tagging data are required (the model as
currently configured does not useinformationfrombiol ogi cal tags suchas microconstituents or otolith
shape). In the case of king mackerel, the type of tag used has changed during the course of the time
seriesand itislikely that tag-shedding rate and tag-induced mortality have changed aswell. Inasmuch
asthe modd does not allow for temporal changesinthesefactors, it is suggested that the analyses be
restricted to the tag type with the most recoveries. For the same reason, it is not necessary to have
recoveries for every year in the time series; generally 5 or more consecutive years will do.

Itisimportant to realize that the use of tagging data affects the estimation of the mortality rates as
well asthetransfer rates. Accordingly, onemustbe careful to distinguishthe effect of usingthetagging
data from the effect of incorporating transfer coefficients. For thisreason it is often useful to run the
two-stock VVPA with the tagging data assuming zero transfer and thenwithout the tagging data assuming
valuesfor the transfer coefficients similar to the values estimated with the tagging data. If it isfound
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Othat the estimates obtai ned with thetagging data are very different fromthose obtained with the indices
arof abundance aone, then consideration will need to be given to downweighting one or the other in
,:_’accordance with the degree to which they are likely to reflect the dynamics of the actual stocks.
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Table 1. Standard catch equation assumed in program VPA-2BOX

Catch equation Description

- Fra (1_ ~ Zkay) Catch of age ain year y from all stocksin
Ciay = Niay y management zone k

Zkay

Zyay = Fray + Miay Total mortality ratein zone k
Fiay Fishing mortality rate in zone k
Miay Natural mortality ratein zone k
N‘kay Number of fishin zone k that are age a at the

beginning of year y (all stocks
combined)




Table 2. Overlap and diffusion equations for population dynamics.

Overlap model equations

Description

Nsa+1,y+1 = Nsay"%‘( Taay € Gy

A
_ 3 o - Zk
N = d& Ngga T e Ky
s, Ay+1 aopq S G skay

Nkay = a Tekay Nsay
s

Number of fish from stock s that are age a+1 at
the beginning of year y (a+1<A)

Number of fish from stock s that are age A or
older at the beginning of year y

Number of fishin zonek that are age a at the
beginning of year y (all stocks

combined)

Taay Fraction of stock sresiding in zonek at the
beginning of year y

Diffusion model equations Description

Nk,a+1,y+1 = 6} iay T jkay € Lhay

- AL oo o
Niay+1= 8 & NiayTjaye ™
a=A1 |

Tikay

Number of fishin zone k that are age a+1 at the
beginning of year y (a+1<A)

Number of fishin zone k that are age A or older
at the beginning of year y

Fraction of population in zonej that movesto
zone k at the beginning of year y



Table 3. Models for indices of abundance (index series: i, zone: k, age: a, year: y) that are available

in VPA-2BOX.
Equations and variables Description
.. an(l .ky/hky)92 negative log-likelihood terms L (1) for
ai‘ ?( %0 S 5 *InSiiy lognormdl various error distributions.
288 0.5ge'lky- liy0e Insiy normal Note: for the lognormal distribution s’
i ky € Siky 0 isthe variance on alogarithmic
o 0o o ~ o} . %ale,
aaa lik- liy!n(liky) Poisson
ik y H
(- Ti) |09elg 1y ,
aaa 0.52'ky+Iky Chi - square IIky b
i ky Siky(liytd)
s 5 5 BV liky- 02 and for the gamma distribution:
aaa g I +lInsiyy Laplace e 9
Y YE sk o a = (liy/siky)
o 0 O ||ky and
aaaClnb- (a- DInljy- ——- InG(a) gamma .
i ky b b= Iiky/a

liky
liky = QikyDik% Vikay Wikay Nkay

Vi kay
Siky
iky
W kay

Dix

observed value of index

predicted value of index

relative selectivity/availability at age
standard error of index

catchability coefficient

weight

adjustment for time of year




Table4. Model for tagrecoveries. The subscriptt denotes a unique group (cohort) of tag rel eases distinguished
by the zone (k), year (y) and age (a) of release. The remaining subscripts are as defined previously

(stock: s, zone: k,year: y,agee a=a+y-y).

Equations and variables

Description

11 ¢ 2 0 o
L(N=3 —i(R-&rg)ne-s favi- J re.In
( ) ? le ,:\(Rt a kty) § k’yﬁg gy kty gR
Ry
Mty

(1- e %)

r.kty = r.kaynkty

fkt ay
ay

4¢ay = fl<tay+(Mkay+| ty)(l' tty)
ficay =t y& yFiay

Qy
Lty
d
I kay
Overlap tag attrition model
IIF?{(l—dt) (y=y, k=k)
nk[y =1 o
faSTsl@ynsty (Yy>y)
| Re (L-dpye” Hal ) (y=y)
Nst y+1 = | . ;
>y f nsty"’I‘(Tskaye Aaay (y>y)
Diffusion tag attrition model
L R (- e Bt (y=y)
Akty+l = | . _
y+ 1 e Zxtay a} Tjkaynjty (y >y )

éfkly U L,J

negative log-likelihood for tag recoveries
from all cohorts

number of tag releases in cohort t
observed recoveries from cohort t

expected recoveries from cohort t

total loss rate of cohort t

fishing mortality rate of cohort t

pre-mixing adjustment for cohort t
fishing fraction (=1 fory>y)

chronic tag loss rate of cohort t
immediate tag loss of cohort t

release date of cohortt (=0fory>vy)
reported fraction of recaptured tags

number of survivors with tags from cohort
t in zonek at start of year y

number of survivors with tags from cohort
t and stock s at start of year y
(Rgt isthe number of releases by stock)

number of survivors with tags from cohort
t in zonek at start of year y




