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A B S T R A C T

A simulation-estimation approach is used to evaluate the efficacy of stock assessment methods that incorporate
various levels of spatial complexity. The evaluated methods estimate historical and future biomass for a situation
that roughly mimics Pacific herring Clupea pallasii at Haida Gwaii, British Columbia, Canada. The baseline
operating model theorizes ten areas arranged such that there is post-recruitment dispersal among all areas.
Simulated data (catches, catch age-composition, estimates of spawning stock biomass and its associated age
structure) generated for each area are analyzed using estimation methods that range in complexity from ignoring
spatial structure to explicitly modelling ten areas. Estimation methods that matched the operating model in
terms of spatial structure performed best for hindcast performance and short-term forecasting, i.e., adding
spatial structure to assessments improved estimation performance. Even with similar time trajectories among
sub-stocks, accounting for spatial structure when conducting the assessment leads to improved estimates of
spawning stock biomass. In contrast, assuming spatial variation in productivity when conducting assessments did
not appreciably improve estimation performance, even when productivity actually varied spatially. Estimates of
forecast biomass and of spawning stock biomass relative to the unfished level were poorer than estimates of
biomass for years with data, i.e., hindcasts. Overall, the results of this study further support efforts to base stock
assessments for small pelagic fishes on spatially-structured population dynamics models when there is a rea-
sonable likelihood of identifying the sub-stocks that should form the basis for the assessment.
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1. Introduction

Management strategies for many of the world’s major fisheries are
based on model-based harvest control rules (HCRs), which use the
outputs from stock assessments that fit population dynamics models to
available monitoring data (e.g., IWC, 2012). Population dynamics
models that underlie these stock assessments range from those that
consider only sex- and age-aggregated measures of biomass (e.g.,
ASPIC, Prager, 1992, 1994, 2002) to those that consider the sex, age,
stage and spatial structure of the fished population (e.g., Stock Synth-
esis, Methot and Wetzell, 2013; MULTIFAN, Fournier et al., 1998). The
type of model used for a stock assessment depends, inter alia, on the
model outputs needed to apply the HCR, and on the available data,
especially regarding the age and sex structure of the population.

Few stock assessments are currently based on population dynamics
models that attempt to capture the spatial structure of fish or in-
vertebrate populations, and those that do seldom involve a large
number of spatial areas (2–3 is most common; Punt, in press). The main
reason for this is that including a large number of areas in a population
dynamics model can increase the complexity of the model and hence
the number of estimable parameters. Most assessment analysts follow
the principle of parsimony, and thus select simple models with few
parameters to minimize the perceived variance of the estimates of the
model outputs. Another oft-mentioned reason for not adopting spa-
tially-structured stock assessments is lack of tagging data that would
provide information about movement rates (A.E. Punt, pers. obs). Un-
fortunately, it is well known that ignoring spatial structure or assuming
the incorrect spatial structure when applying a spatially-structured
stock assessment can lead to biased (and often very imprecise) esti-
mates of key model outputs, including estimates of spawning stock
biomass, fishing mortality and recruitment (in absolute terms and re-
lative to biological reference points) (e.g., Punt and Methot, 2004; Fu
and Fanning, 2004; Cope and Punt, 2011; Garrison et al., 2011;
Dougherty et al., 2013; Guan et al., 2013; Martien et al., 2013; Benson
et al., 2015; Goethal et al., 2015; McGilliard et al., 2015; Punt et al.,
2015). Furthermore, HCRs based on biased or imprecise stock assess-
ments can result in unintended ecological, economic, and social con-
sequences (Punt et al., 2016).

Of the few spatially-structured stock assessments that have been
developed, most have been applied to relatively long-lived species such
as groundfish and tunas (but see Dichmont et al., 2006; O’Neil et al.,
2014; De Moor and Butterworth, 2015). Small pelagic species (e.g.,
sardines, anchovies, herrings) form the basis for some of the world’s
largest fisheries. However, with the exception of Cunningham et al.
(2007) and de Moor and Butterworth (2015), pelagic species have not
been assessed using spatially-structured methods of stock assessment.
Ignoring spatial structure in management decision making for Pacific
herring Clupea pallasii has been a concern among local and traditional
knowledge holders in North Pacific communities where concentrated
commercial fishing takes place on increasingly condensed spawning
stocks (e.g., of herring for roe) considered critical for subsistence, trade,
and other uses (Jones, 2000; Powell, 2012; Thornton et al., 2010;
Thornton and Kitka, 2015; Levin et al., 2016). Further, commercial
fishers and shoreworkers have identified several imperatives for Pacific
herring management, including the need to build a collaborative un-
derstanding of the state of herring in its shared ecosystem,1 with the
hope that this will better acknowledge the livelihoods and fishing
communities that depend on the herring fishery. This understanding
could include appropriately accounting for spatial structure in stock
assessments.

Spatial structure in small pelagic fishes exists at both large and small
spatial scales. For example, the range of the northern subpopulation of
Pacific sardine (Sardinops sagax) changes as a function of biomass and/
or environmental conditions (e.g., Clark and Janssen, 1945); if ignored,
this has been shown to lead to biased estimates of management-related
quantities, including biomass (Hurtado-Ferro et al., 2014). Our paper
focuses on relatively small-scale (10–100 s of km rather than
100 s–1000 s of km) spatial structure, with a focus on Pacific herring in
British Columbia, Canada. The distribution and abundance of Pacific
herring has varied substantially even within conventional ‘stock areas’
during the era of modern fisheries management. Nevertheless, current
British Columbia herring stock assessments are based on the assumption
that it is valid to pool data into five major and two minor stocks
(Benson et al., 2015). Beyond the performance of stock assessment
models, mismatches between the scales of observed or perceived po-
pulation structure and aggregations used in assessment models can
have consequences throughout the social-ecological system, including
loss of trust in management bodies and conflict, in part because of the
fine spatial scale at which traditional herring harvest practices occur
(Levin et al., 2016). Problems of mismatch or fit among institutions of
governance and social-ecological contexts are recognized more broadly
as an enduring problem in the resource management literature (e.g.,
Epstein et al., 2015).

This paper uses a simulation-estimation approach to evaluate the
consequences, in terms of the bias and precision of estimates of his-
torical and projected spawning stock biomass, of various approaches to
the assessment of stocks of short-lived fishes that exhibit spatial struc-
ture, based on the biological characteristics of Pacific herring at Haida
Gwaii, British Columbia, Canada. Management for Pacific herring at
Haida Gwaii is based on biomass estimates projected beyond the last
year with data. Thus, the quantities used to evaluate estimation per-
formance in this study include estimates of historical spawning stock
biomass (‘hindcast estimates’) and projected biomass.

This paper aims to improve the basis for conducting stock assess-
ments for small pelagic species, such as Pacific herring. Consequently,
the key questions the analyses address are: (a) Are estimates of
spawning stock biomass unbiased and precise (i.e., on average do the
estimates equal the true values and is there little variation in estimates
among replicate simulations) if the structure of the estimation method
matches that of the spatially-explicit operating model? (b) How poor
are the estimates of spawning stock biomass if the spatial structure of
the operating model and estimation method differ? (c) How much
spatial structure in the estimation method is sufficient to overcome any
bias? and (d) How robust are the conclusions to key assumptions of the
operating model, including the sample sizes for the data available for
assessment purposes?

2. Materials and methods

2.1. Overview

An operating model is used to generate simulated data sets based on
various specifications for the underlying system being assessed, in-
cluding the number of ‘sub-stocks’2 (Table 1). It is spatially-structured
and roughly mimics the population dynamics and fishery for Pacific
herring (e.g., post-recruitment dispersal among sub-stocks, a fishery
directed toward spawning fish only, and the possibility that an entire
sub-stock skips spawning in a particular year). It includes multiple sub-
stocks that are linked through dispersal. The generated data sets are
analyzed using stock assessment methods (estimation methods) that
range in the degree to which the assumptions of population structure
match those of the operating model, from matching exactly to being

1 See for example the open letter from the United Fisherman and Allied Workers Union
to the Nuu-chah-nulth Tribal Council and British Columbia commercial herring fishermen
(https://www.hashilthsa.com/news/2015-01-08/support-united-fisherman-and-allied-
workers-union-herring-fishery).

2 The term “sub-stock” is used here as these populations are neither demographically
nor genetically distinguished.

A.E. Punt et al. Fisheries Research 206 (2018) 65–78

66

https://www.hashilthsa.com/news/2015-01-08/support-united-fisherman-and-allied-workers-union-herring-fishery
https://www.hashilthsa.com/news/2015-01-08/support-united-fisherman-and-allied-workers-union-herring-fishery


Download English Version:

https://daneshyari.com/en/article/8885261

Download Persian Version:

https://daneshyari.com/article/8885261

Daneshyari.com

https://daneshyari.com/en/article/8885261
https://daneshyari.com/article/8885261
https://daneshyari.com

