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Abstract

Herein, we present a modeling approach in order to incorporate the different hypotheses to be
evaluated. The largest model supposes the jack mackerel in the South Pacific Ocean is a single unit
stock, and the nested models are the respective hypotheses proposed in the FAO Santiago
Workshop. The model considers different fleets and different selectivity patterns that are operating

in all distribution area of this species.

1. Introduction

In the Jack mackerel Workshop, held in the FAO regional office, Santiago 2008, four hypotheses

were proposed regarding the jack mackerel stock structure, which are:

e H1: Jack mackerel caught off the coasts of Peru and Chile each constitute separate
stocks which straddle the high seas.

e H2: Jack mackerel caught off the coasts of Peru and Chile constitute a single shared
stock which straddles the high seas.

e H3: Jack mackerel caught off the Chilean area constitute a single straddling stock
extending from the coast out to about 120°W.

e H4: Jack mackerel caught off the Chilean area constitute separate straddling and high

seas stocks.

From a modeling perspective, hypotheses 1 and 3 could be considered as the same, ever since they
refer to the main hypothesis of a single stock off Chile, beyond its EEZ. Hypothesis 2 could be
considered an extension of the area where the main stock assessment is currently carried out (H1-
H3). In the same way, hypothesis 4 could be considered (or not) another extension to the mentioned
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area, where an unknown flowing process has occurred, permitting the establishment of a probably
isolated high-seas population. On the other hand, we could suppose that there is a larger stock unit

in the South Pacific and the four hypotheses are nested models of the first one.

Population modeling requires making the main population processes related to the different
proposed hypotheses explicit, in mathematical terms. In this paper, we show the characteristics of a
modeling scheme that could be considered in an integrated jack mackerel stock assessment and the

data requirements for such purposes.

2. Geographical representation

We recognize three units of the population, whose interconnection depend on the hypothesis: Peru,
Chile and high-seas. In each of these units different fleets operate which have different selectivity or
exploitation patterns. This means that the exploitation of the population has different impacts,
depending on the fleets that are fishing. There are two acknowledged ways to recognize these
exploitation patterns: a) the effects depend on each fleets (multi-fleet based model), or b) the effects
depends on the migration process (spatial explicit model). These two alternatives require different

data to test them.

The first alternative implies having information of the fleet only, while the second alternative
implies having information on the migration process. This last requirement is very difficult to
obtain, and needs a particular research program for collecting the information (marking). When that
is the case, the assessments are based mainly on assumptions. Another option is the fleet-based
assessment, where the most important consideration is that the population is exploited by different
fleet-selectivity. So, each fleet has a specific impact on the population, particularly in the age-

differentiated exploitation.
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Figure 1. Representation of Chilean jack mackerel fishery units
3. Mathematical and statistical representation

If we consider a multi-fleet approach, a model could be represented by the next formulation:

3.1. Process model

a. Population dynamic

In order to avoid the over-parameterization of the model, we could consider Pope’s approach, where
the catch occurs instantaneously in the middle of each year, and births occur at the beginning of
each year (i.e. January). So, the dynamics of the abundance-at-age (a) and per year (y) is

represented by
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where C'* is the total catch-at-age per year, and M is the natural mortality coefficient. The initial

abundance-at-age could be considered around an equilibrium state, subject to stochastic noise:
N,, =Re ™ e
being R, some equilibrium recruitment level and t a stochastic variable defined as:
r~N(0,5%)
b. Recruitment

Recruitment come from some stock-recruitment relationship g (.) and is subject to process error:

R =9(SB, ,)e " ©)

where &, ~ N(0,0,%).

c. Spawning biomass

The spawning biomass is estimated in mid-October as

SSB, = > (N, e %M —C™a)e MO, w, , €)

where O is the maturity ogive at age (a) and w is the average weight-at-age and per year.



3.2.  Observation models
a. Catches
The total catch-at-age by year corresponds to the sum of the catches by fleets:
ce = 1.Cl, @
f

Here, A is a binary variable (0 or 1) and represents the catches of the f-fleet being considered (1) or
not (0). In our case, we could consider at least 3 fleets: the Peruvian, the Chilean (northern and
southern zones) and the international fleet operating in high sea (beyond 120°W). The catches are

modeled in proportion to the stock at the middle of the year such that:

C;y = lLlaf’yNayye*OySM (5)
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AY
f fly
= 7
‘Lly vaf ( )

Where Y is the observed landing and the exploitable biomass by fleet corresponds to:

a,y“a
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Here, u is the exploitation rate, Y is the landing, and S is age-specific selectivity modeled according

to the fleet zone. Here we could propose a general selectivity model:
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This model is composed by two normal distributions, and covers a wide range of selectivity forms,
from trawl-type to gillnet-type. The model has four parameters: g and y represent the reference ages

where inflection points occur, and 8,, 8, represent the two curve slopes (Canales et al., 2009).
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Figure 2. Different forms of jack mackerel selectivity model

For some fleets, we do not have available catch-at-age information; in this case we could use catch-

at-length information considering some options:

- Using length-at-age keys from adjacent zones
- Using stochastic transformations in order to convert age to length

In the first option, the possibility of similar length compositions between zones would be a useful
consideration, as it is the case of the Chilean fleet operating in the central-southern area, and the
fleet operating offshore (off EEZ). In other cases, the length compositions are less similar as it is the
case of the Peruvian fleet and the Chilean northern area; if that is the case, we must do some

assumptions on the growth model in order to use it for this purpose.

In this sense, the predicted catch-at-length could be represented by;
¢,=TC,,

where T represents the probability of observing a fish of age “a” in the “I” length interval. This

transformation matrix (in some cases called “transition” matrix) corresponds to:
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T= jg(l\a)dl

where the conditional probability function could be defined by:

_(1-Ta)
e 202

g(l‘a) = \/ZO'

Here, o, is the standard deviation in length for fish of “a” age class, and could be assumed to be
proportional whit mean length in the form:
O, = ¢ia

being ¢ a fixed coefficient of variation to be resolved.

The mean length-at-age considers the VB growth parameter in the form:
I, =1,1- g @10y
Being lo, k and t, the models parameters. These could be supposedly known or estimated on the

model. For this last point, we need to establish some “prior” distribution, using, for example, the

parameters available in literature.

b. Acoustic biomass

Several acoustic surveys have been carried out in Chile and Peru. If we suppose that they are carried

out at middle of the year, the observation model could be represented by:

B, =a/ > (N, e -C,,)Sw,, (10)



where qyf is the catchability coefficient for acoustic cruises and S; is the age-specific availability

that could be modeled considering (ec. 9). In Chile, the acoustic series is analyzed considering two

hypotheses:

Change in distribution: this supposes that, as of 2002, the resource underwent a change in its

distributional core beyond 200 nm. Thus, the estimated biomass in the acoustic surveys from 5 to

400 nm is comparable with the biomass estimated prior to 2002 between 5 and 200 nm.

p[ zlog[ ]] o

Contraction of biomass: a population reduction starting in 2002 has been much faster (effect of

hyper-reduction) along the distribution borders (first 200 nm from the coast) than at the nucleus of

the population.

1 | B, y <2002
exp|— ) log| =
g n Zy: g B, B, €[5-400]mn (12)
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c. Spawning biomass index

Chile has surveyed a couple of eggs in order to estimate the spawning biomass. The model for this

observation is:

B =q"™"SSB, (13)

m Bmph
n _ exp{ zgln(Bmph H (14)
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Here, B™" is survey spawning biomass and n, the number of years with information from

eggs/larvae surveys

d. Catch per Unit Effort (CPUE)

The CPUE from the central-southern zone of Chile is considered to be a good index of relative

biomass between 1996 and 2003. Further changes in the fishery have affected this signal.

1 —05M ¢ f
CPUE, =q Y N, e™™Ms] w,, (15)
a
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3.3.  Observation model errors (likelihood estimators)
There are several alternatives for modeling observation errors. Some of these are:
a. Age-at-catch compositions: a multinomial error distribution is assumed.
f f
—In L =n pg, In(p,,) (17)
f S f
where p;, ==~ and n s the size of the effective sample. P, ===
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b. Acoustic-survey age compositions: a multinomial error distribution is assumed.
_ c c
—In ch =n pa,y In( pa,y) (18)
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N° is the abundance of the age

observed.

The same form could be used if we are using catch-at-length information.

c. Acoustic biomass: a log-normal type of error distribution is assumed.
2
1 BY
—InL_, = In L +Cte, (19)
8 20_2 qCZ(Na,ye oo _Ca,y)sgwa,y
a
d. Spawning biomass index: a log-normal type of error distribution is assumed.

2

l Bmph
-InL_,, = In ! +cte
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a
(20)
e. CPUE: a log-normal type of error distribution is assumed.
2
1 B,
—InLepye = In : +cte
207 | qYN, e M) W, ’
a

(21)
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f. Objective function: corresponds to a Bayesian approach and considers the sum of the
negative marginal contributions of the log-likelihood of the data and a prior (p) of the process error
associated with the recruitment and the initial condition. The priors of parameters could be assumed

as non-informative.

-InL, =(In L+ In L.+ InL. +InL . +InLepye) +(INp, +1np,) (22)

4, Some considerations

The general idea presented, was to propose a flexible modeling scheme, where the maximum
information pieces could be considered under the respective hypothesis. This scheme should permit
to incorporate the respective assumptions when there is no availability of knowledge or information.
The state of art in stock assessment approach is based on statistical catch-at-age models when the

information volume is important, as it is the case of jack mackerel in the South Pacific.

We showed a general model that could be improved with more information mainly related to
biological process. This approach is based on a multi-fleet model, which is known to not having
significant differences respect to a spatially-explicit model (Maunder et al, 2005)

In statistical literature, the “nested-models” term is used to refer to models from the same family
applied to some data set. Here, the number of parameters could change. In this case we have the
same model family, but different data sources. Thus, our idea is to use some statistical criteria to
compare the behavior of different scale models. In this case, we could consider some statistical

criteria like the Bayesian Information Criterion (BIC) (Swartz, 1978).

When estimating model parameters using maximum-likelihood estimation, it is possible to increase
the likelihood by adding further parameters, which may result in overfitting. The BIC solves this
problem by introducing a penalty term for the number of parameters in the model. This penalty for

additional parameters is stronger than that of the AIC (Akaike Information Criterion).
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