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Introduction

Surplus production models (SPMS) are the unique data-limited method which provides
a full fish stock assessment, i.e. evaluation of exploitation and stock status based on maximum
sustainable yield (MSY) reference points and catch predictions based on alternative scenarios.
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Introduction

Surplus production models (SPMS) are the unique data-limited method which provides
a full fish stock assessment, i.e. evaluation of exploitation and stock status based on maximum
sustainable yield (MSY) reference points and catch predictions based on alternative scenarios.

SPMs model the temporal evolution of the aggregated biomass (targeted by fishing) by combining
the general effects of growth, recruitment and mortality (all aspects of production) into a single
production function.

That is, SPMs estimate the changes in the biomass as a function of the biomass of the previous
year, the surplus production in biomass and the catches. For this reason the SPMs are also known
as Biomass Dynamics Models.
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Minimum required data

An index of relative exploitable biomass (catch-per-unit-effort, CPUE, or fishery-independent
biomass index).
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The scientists prefer, in general, the assessment provided by more complex models (age or length
structured). However, Ludwig and Walters (1985, 1989)2 © have shown that SPMs may produce
conclusions just as useful and sometimes preferable for management than those produced by
more complex models, at a fraction of the cost.
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structured). However, Ludwig and Walters (1985, 1989)2 © have shown that SPMs may produce
conclusions just as useful and sometimes preferable for management than those produced by
more complex models, at a fraction of the cost.

?Ludwig, D. and Walters, C. J. (1985). Are age-structured models appropriate for catch-effort data? Canadian
Journal of Fisheries and Aquatic Sciences, 42:1066—1072.

bLudwig, D. and Walters, C. J. (1989). A robust method for parameter estimation from catch and effort data.
Canadian Journal of Fisheries and Aquatic Sciences, 46:137-144.
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biomass index).

A time series of associated catch data (observations of commercial catches).

If age and length information is accessible? |

The scientists prefer, in general, the assessment provided by more complex models (age or length
structured). However, Ludwig and Walters (1985, 1989)2 © have shown that SPMs may produce
conclusions just as useful and sometimes preferable for management than those produced by
more complex models, at a fraction of the cost.

?Ludwig, D. and Walters, C. J. (1985). Are age-structured models appropriate for catch-effort data? Canadian
Journal of Fisheries and Aquatic Sciences, 42:1066—1072.

bLudwig, D. and Walters, C. J. (1989). A robust method for parameter estimation from catch and effort data.
Canadian Journal of Fisheries and Aquatic Sciences, 46:137-144.

A problem in SPMs appears when the data is too homogeneous, more precisely, if the catch and
effort information is available only for a limited range of biomass levels.

Cousido-Rocha, M. Surplus Production Models 19th October 2021 4/12



Introduction

[eJe]e] ]

Introduction

20

Articles

2020

1990 2000 2010

1980
Year

Figure 1: Annual scientific production. Numbers of articles related to SPMs published each year. Information
derived from SCOPUS database search.
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SPMs general overview

SPMs general structure (discrete form) relates directly to Russell's 1 formulation of the
stock dynamics

Bt+]_ = Bt + f(Bt) - Ct J

where B; 1 is the stock biomass at the end of year t or the beginning of year t + 1, B; is the stock
biomass at the start of year t, C; is the biomass caught during year t and f(Bz) is the production
of biomass function.

1Russe|l, E. S. (1931). Some theoretical considerations on the “overfishing” problem. Journal du Conseil International pour
I'Exploration de la Mer, 6:3-20.
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2Pella, J. J. and Tomlinson, P. K. (1969). A generalized stock-production model. Bulletin of the Inter-American Tropical Tuna
Commission, 13:421-458.
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growth rate parameter (intrinsic rate of natural increase), K is the maximum population size for
growth to be positive and p is the asymmetry parameter.
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growth rate parameter (intrinsic rate of natural increase), K is the maximum population size for
growth to be positive and p is the asymmetry parameter.

Surplus Production

Biomass / K

Figure 2: Influence of the parameter p on the discrete Pella—Tomlinson version of SPM. When p = 1, the
equation is equivalent to the Schaefer model, and thus has a symmetrical production curve around 0.5.

2Pe||a, J. J. and Tomlinson, P. K. (1969). A generalized stock-production model. Bulletin of the Inter-American Tropical Tuna
Commission, 13:421-458.
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SPMs general overview

A large number of fitting methodologies has been proposed in order to overcome the equilibrium
assumption. Then, the current fitting methodologies differ depending on where the
residual errors are associated to the model or to the data:
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SPMs general overview

A large number of fitting methodologies has been proposed in order to overcome the equilibrium
assumption. Then, the current fitting methodologies differ depending on where the
residual errors are associated to the model or to the data:

m Process error estimators. Assume that all observations were made without error and that all
error was in stock dynamics equation.

m Observation error estimators. Assume that all residual errors are in the catch or biomass
index and that stock dynamics equation is deterministic and without error.

Recent proposals provide estimators that combine both forms of error.
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Most relevant SPMs

The SPM research carried out in the last years has provided a huge collection of different SPMs
implementation; then, in practice, it can be difficult to decide which one of them is best suited
for assessing a particular stock.

m ASPIC (A Surplus-Production Model Incorporating Covariates) by Prager (1992, 1994) 3 4.

3Prager, M. H. (1992). ASPIC: A Surplus-Production Model Incorporating Covariates. Coll. Vol. Sci.Pap., Int. Comm.
Conserv. Atl. Tunas (ICCAT), 28:218-229.

“Prager, M. H. (1994). A suite of extensions to a nonequilibrium surplus-production model. Fishery Bulletin (U.S.),
92:374-389.

5Pederseen, M. W. and Berg, C. W. (2017). A stochastic surplus production model in continuous time. Fish and Fisheries,
18:226-243.

SWinker, H., Carvalho, F., and Kapur, M. (2018). JABBA: Just Another Bayesian Biomass Assessment. Fisheries Research,
204.
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Most relevant SPMs

ASPIC SPIiCT JABBA
R package connectASPIC spict JABBA
Type of formulation Continuous-time  Continuous-time  Discrete-time
C;: observation error X v X
I; observation error v v v
B: process error X v 4
F: process error X v X
F: seasonal patterns X v X
Projections v v v

Table 1: Summarizing the main features of three SPMs: ASPIC, SPiCT and JABBA. The properties recapped are:
inclusion of observation error of both catches and biomass indices, incorporation of dynamics in both biomass and
fisheries and involvement of a seasonal fisheries dynamics component. Finally, inclusion of projection functions
related to fisheries management in the corresponding R package is also discussed. Note that v'means that the
particular SPM fulfills the corresponding property, whereas Xrepresents the opposite situation.
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Thanks for your attention!

Contact: marta.cousido@ieo.es
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