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Environment drives forage fish productivity
Understanding the interaction between fish-
ing and natural variations in productivity is
a central question in fisheries management.
Essington et al. (1) advance the discussion
on drivers of forage fish dynamics by high-
lighting the role of natural decreases in bio-
mass collapses. A key conclusion of their
work is that fishing increases the magnitude
and frequency of collapse in biomass. More
intense fishing necessarily results in fewer
fish; however, the higher exploitation rates
commonly seen as forage fish biomass de-
clines do not always mean that fishing pre-
cipitated collapses in productivity.
Using a biomass threshold to identify

when collapses occur might be appropriate
if biomass were the key driver of productiv-
ity (i.e., a stock–recruitment relationship ex-
ists). However, this is untrue for 88% of the
stocks in Essington et al. (1) (demonstrated
in ref. 2), a point that the authors make. So,
changes in recruitment must be compared
with exploitation patterns to explore the in-
fluence of fishing on productivity. To achieve
this, we applied a break-point algorithm (3)
to the time series’ of recruitment for the
stocks in Essington et al. (1) to identify pe-
riods of lower productivity (see Fig. 1 for
examples). Recruitment for 23 stocks shifted
to low productivity at some point in their
history and only one of those stocks appeared
to have a repeatable stock–recruit relationship.
The median relative exploitation pressure for

these stocks before a shift in productivity was
significantly less than exploitation pressure af-
ter (Fig. 1, Left; P < 0.05), suggesting that high
exploitation does not precipitate collapse in
recruitment. The relative exploitation rate
before a collapse in recruitment was not sig-
nificantly related to the magnitude of the
collapse. Furthermore, recovery (e.g., North
Sea herring in Fig. 1) was generally not pre-
ceded by increasing biomass or decreased
exploitation; biomass increased and ex-
ploitation decreased only after recruitment
increased again (Fig. 1, Right). These obser-
vations suggest that fishing plays little role
in the dynamics of forage fish productivity.
Essington et al. (1) point out a pattern in

biomass collapses: high exploitation rates,
drops in productivity, and lagged responses
to reducing fishing effort. However, the ac-
tual sequence of events often begins with a
collapse in recruitment followed by biomass
declines. Catches also begin to decline (but
more slowly than biomass), thus exploitation
rates rise. Eventually biomass reaches a “col-
lapsed” level and, because of the increased
exploitation rates, fishing appears to have
precipitated the collapse, even though the
process started with recruitment.
The metric chosen to represent collapse

can influence the inferred timing and mag-
nitude of collapse, in addition to engender-
ing different perspectives in management on
the role of fishing in collapses of stocks.

Decreases in biomass following recruitment
collapses do not always register as a collapse
in biomass [e.g., Herring ICES (International
Council for the Exploration of the Sea) VIIa–
g–h–j; Fig. 1]. Similarly, collapses in biomass
are not always accompanied by collapses in
recruitment (e.g., Sandeel North Sea Area 1;
Fig. 1). Management should respond to col-
lapses in recruitment by endeavoring to pre-
vent fishing mortality from rising as biomass
declines, rather than waiting for biomass to
decline and then reacting.
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Fig. 1. Relationship between scaled recruitment, spawning biomass, and relative exploitation around collapses (Left) and recoveries (Right) in recruitment and time series of
recruitment and biomass for selected stocks (Center). Colored boxes around recruitment time series indicate “regimes” selected by a break-point algorithm.
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