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ARTICLE INFO ABSTRACT

Handled by A.E. Punt Forecasting abundance and understanding year class strength is key to the ecosystem-based fisheries manage-

ment of herring and other small pelagic fish. Using the San Francisco Bay herring population, we tested the

Keywords:

Ab}l’lv;dance hypothesis that abundance (spawning stock biomass; SSB) could be predicted prior to the commencement of

California Current annual fisheries using estimates of i) previous SSB (SSBy,g), ii) young-of-the-year production (YOY), and iii)

Clupeid environmental conditions. A time series model including SSBy,g1, YOY lagged 3 years (YOY),,3), and environ-

PMrediCﬁU“ mental conditions in the season before spawning explained 67% of the variance in annual biomass, with better
anagement

predictive error in comparison with simpler models. YOY),43 was by far the strongest predictor. It was robust
over the entire study period (1980-2017) and also for a more limited period (1991-2017) when observed
variance in SSB increased. We attribute the predictive power of YOY productivity to age structure, as almost 70%
of the population is comprised of young fish. We hypothesize that an age truncation effect, probably resulting
from a combination of long-term environmental effects and fisheries impacts, supports this model, which ef-
fectively predicts year class strength. Assuming the population age structure remains the same in the future, our
model provides management with an early warning indicator of upcoming SSB with a 3-year lead, which could

be applied in harvest control rules.

1. Introduction

Since the early days of fisheries oceanography, one of the principal
goals has been to understand and predict population fluctuations of
small pelagic fish relative to production, recruitment, and ocean con-
ditions (Hjort, 1914; Freon et al., 2005; Watanabe, 2007). Though
hundreds of studies on fish production and recruitment have been
conducted on a wide diversity of species, our ability to forecast small
coastal pelagic fish populations is fraught with issues, including weak to
non-existent stock-recruitment relationships (e.g., Stocker and Noakes,
1988) and non-stationary relationships (Myers, 1998). Today, with the
confounding effects of fisheries removals, which may exacerbate effects
of ocean conditions (Essington et al., 2015), and climate change, which
may cause fish redistributions (reviewed by Poloczanska et al., 2013),
the challenge of prediction has become both more acute and urgent.
Understanding how marine climate impacts future abundance is fun-
damental to stock assessment and designing and implementing appro-
priate harvest control rules (Lindegren et al., 2010; Hollowed et al.,
2013). In particular, a combination of environmental or fisheries-re-
lated changes to population age structure may result in unexpected
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consequences for production, recruitment, and population dynamics
(Anderson et al., 2008).

Owing to their neritic distribution and centurial history of ex-
ploitation (e.g., Cushing, 1961), herring have been the focal point of
dozens of observational and modeling studies seeking to understand
and predict variation in abundance for management purposes. In
northern Europe, herring have been exploited since the 10th century,
and time series research on landings clearly shows decadal-scale fluc-
tuations in abundance relative to various interrelated meteorological
and hydrographic variables (Alheit and Hagen, 1997). Similar re-
lationships in herring abundance, growth, and size-at-age have been
established at interannual time scales using observations (e.g., Williams
and Quinn, 2000a,b; Beamish et al., 2004; Cardinale et al., 2009) and
models (e.g., Hay et al., 2008; Rose et al., 2008; Ito et al., 2015). In the
northeastern Pacific, Pacific herring (Clupea pallasii) are important for
fisheries and food chains (Beamish et al., 2004; Szoboszlai et al., 2015).
A recent meta-analysis of herring population trends and variability in
the California Current Ecosystem (CCE) showed a secular decline in
biomass estimates since 1980 for many stocks along the U.S. west coast,
but data were limited to a ~30-year period (Thompson et al., 2017).
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