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• Understanding the assessment of fish stocks to make
recommendations for their sustainable exploitation has become an
essential part of the management of fisheries resources.

• For this, there are different assessment methods which can be
applied, from simple data-limited methods to more complex age or
length-structured methods.

• In recent years, there has been an increasing research effort on
developing methods that can generally improve the reliability of
stock assessments in data-limited situations.

• Surplus production models (SPMs) are among the assessment
methodologies recommended for this purpose. Derived from this,
another type of methods, the Known-Biomass Production Models
(KBPMs) are being developed to improve fisheries management.
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Surplus production models (SPMs) have the general structure
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Surplus Production Models

𝐵𝑡+1 = 𝐵𝑡 + 𝑓 𝐵𝑡 − 𝐶𝑡

where 𝐵𝑡+1 is the exploitable biomass at the beginning of the year t+1,
𝐵𝑡 is the exploitable biomass at the beginning of the year t,
𝑓 𝐵𝑡 is the biomass production, as a function of the biomass at t,
𝐶𝑡 is the catch during the year t.
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There are different formulations of the function that describe the
biomass production, generalized by Pella-Tomlinson in 1969:
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where r is the natural growth rate, K is the maximum population size and p is the
asymmetry parameter.

Pella, J. J. and Tomlinson, P. K. (1969). A generalized stock-production model. Bulletin of the Inter-American Tropical Tuna Commission, 13:421-458.



These SPMs relates historical series of catch to historical fishing effort or indexes of relative biomass
such as CPUE (catch-per-unit-effort).

An alternative line of research based on surplus production models named known-biomass
production models (KBPMs) was introduced by MacCall (2002), based on the idea that the annual
surplus production in an unfished stock is equal to 𝐵𝑡+1 − 𝐵𝑡, and that, for a fished stock, the
calculation of surplus production depends on catch.
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𝑆𝑃𝑡 = ത𝐵𝑡+1 − ത𝐵𝑡 + 𝐶𝑡

Known-Biomass Production Models

where 𝑆𝑃𝑡 is the surplus production, ത𝐵𝑡 is the average biomass or spawn stock biomass (SSB), ത𝐵𝑡 =(𝐵𝑡+1 + 𝐵𝑡)/2, 
and 𝐶𝑡 represent the catch. The subscript t denotes time (years).

MacCall, A. (2002). Use of Known-Biomass Production Models to Determine Productivity of West Coast Groundfish Stocks. North American Journal of Fisheries Management, 22:272-279.

መ𝐼𝑡 = 𝑞𝐵𝑡 = 𝐶𝑡/𝐸𝑡



In contrast to the traditional SPMs, KBPMs use as input data a biomass time series produced by
other stock assessment model instead of a biomass index. Then, surplus production (SP) is
calculated from the known average biomass (of two consecutive years) and the observed catch
using the previous equation. Then, for the KBPM fit, Paz,
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where r is the natural growth rate, K is the maximum population
size and p is the asymmetry parameter.



KBPMs simplicity facilitates the consideration of crucial aspects of fisheries management as the
environmental variability or the multispecific approach.,

Environmental effects, for example, can be are included as additive and multiplicative effects in the
general KBPM formulation.

• Additive model

• Multiplicative model
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𝑒𝑥𝑝𝑐𝑋𝑡

being c the parameter that represents the effect of the environmental variable 𝑋𝑡 , where t
represents time (years).



We implement KBPMs in the R package knobi, available at 
https://github.com/MERVEX-group/knobi, 
highlighting their advantages and illustrating their use. 

This package allows: 

• knobi_fit: the KBPM fit to the stock.

• knobi_retro: the retrospective analysis. 

• knobi_env: the estimation of the effects of 
environmental variability.

• knobi_proj: the estimation of future projections 
for the stock.

knobi package

Therefore, knobi package implements for the first time the KBPMs including tools for the environmental 
effect analysis and the projections. The package is user-friendly and it is hoped that it will serve the 
scientific community by providing a simple and powerful tool for the KBPM analysis.

Its use and habilities are illustrated through the case study of northern hake (Merluccius merluccius) in the 
International Council for the Exploration of the Sea (ICES).

https://github.com/MERVEX-group/knobi


knobi_fit
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Northern hake example



knobi_fit results



knobi_retro



knobi_retro results



knobi_env



knobi_env results





knobi_proj



knobi_proj results



• R has become an essential tool in fisheries science, in
particular, for evaluation of fisheries resources.

• knobi package implements for the first time KBPMs using
available knowledge of these models derived from the
combination of information from differences sources.
Additionally, we include tools for the environmental effect
analysis and future projections.

• The package is user-friendly and it is hoped that it will serve
the scientific community by providing a simple and powerful
tool for the KBPM analysis.

• The package is available at https://github.com/MERVEX-
group/knobi and open to collaboration. It's a work in
progress!

Conclusions

https://github.com/MERVEX-group/knobi
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