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Delay-difference, age-structured, and state-space models: Are hyphenated models useful for assessing stocks 
of orange roughy?

Allan Hicks 
NWFSC, Seattle, WA; University of Washington, School of Aquatic and Fishery Sciences, Seattle, WA

Age-structured models are commonly used to assess orange roughy stocks, but many of the life history parameters are as-
sumed known and a deterministic biomass trajectory (no recruitment variability) is often estimated. A simpler model is 
the delay-difference model, which can capture much of the same dynamics as an age-structured model without keeping 
track of individual ages. However, the assumptions made in these deterministic models may result in biased estimates and 
underestimate the true uncertainty. Through simulation, this study compares the ability and the usefulness of three models 
to estimate a biomass trajectory and catchability parameters that mimic a stochastic orange roughy population depleted to 
three different levels. The three models are a delay-difference model with observation error, an age-structured model with 
observation error, and a state-space delay-difference model with both process and observation error. Results showed that 
estimates of depletion were biased with the state-space model showing the least bias. Estimates of virgin biomass from the 
state-space model, however, were highly variable and showed a large positive bias. This was related to the amount of process 
error and the bias was reduced with some prior information on virgin biomass or catchability from one or more surveys. The 
deterministic delay-difference and age-structured models performed similarly under these assumptions and the inclusion 
of process error in the state-space model resulted in less biased estimates of depletion but much more variable estimates of 
virgin biomass.
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The goal of the Fisheries and the Environment (FATE) program is to provide the information necessary to effectively fore-
cast these changes to evaluate management strategies needed to sustain fisheries while preserving ecosystem structure and 
function. In support of this goal, the FATE program was developed to accelerate the development of next generation fore-
casting tools. The FATE program provides leading indicators of ecological and oceanographic change at the population and 
ecosystem level and local to ocean basin scales. FATE supports research on the functional relationships between environ-
mental forcing, competition for prey, or predation on the growth, distribution or reproductive success of managed species. 
This presentation provides highlights and results from projects funded in 2007 and 2008. These examples demonstrate that 
FATE research projects are now being incorporated into population dynamics models used to inform managers of the im-
plications of their actions on the current and future status of marine resources. In some regions, FATE indices provide early 
warnings of major shifts in the productivity or distribution of key stocks. While the program is based on an ecosystem ap-
proach, it targets a suite of commercially important species including groundfish, coastal pelagics, Pacific salmon and highly 
migratory fishes as well as protected species. 
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