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Reply to Szuwalski and Hilborn: Forage fish
require an ecosystem approach
In response to our recent paper (1), Szuwalski
and Hilborn (2) make several points about
the timing of recruitment failures, the effect
of fishing on productivity, and our choice of
using biomass, not recruitment, as the indica-
tor for collapses. We address these points here
to show that not only do they not affect our
conclusions, but that we are largely in agree-
ment regarding the biological processes and
the implications for fisheries and conservation.
Szuwalski and Hilborn (2) show the timing

of recruitment failures that have led to many
of the forage fish collapses we identify in our
study. We agree that the process of recruit-
ment failure initiates a cascade of positive
feedback, whereby fishing rates inadvertently
increase during declines in population bio-
mass, and that fishing does not directly incite
these recruitment declines. As our title indic-
ates, we show that when forage fish undergo
natural population fluctuations (i.e., recruit-
ment declines), fishing acts to amplify the
extent of collapse. That is, fishing deepens
the troughs of population cycles. We do not
claim that fishing causes collapses or that it
precipitates declines in productivity, only
that fishing does affect the biomass of for-
age fish in the system, which can have re-
percussions throughout the food web.
Additionally, Szuwalski and Hilborn (2)

note that our threshold of collapse does not

correspond to a level of biomass causing re-
cruitment limitation. Their definition of “col-
lapse” is relevant for conventional “single
species” management of forage fish, where
management seeks to avoid depleting stocks
below levels at which recruitment is im-
paired. However, forage fish management
requires an ecosystem approach where the
consequences of fishing on other valued
components of the food web must be con-
sidered. In this context, biomass thresholds
that correspond to predators’ sensitivity are
most relevant. Multiple studies have shown
that predators are most sensitive to forage fish
depletion at low forage fish biomass and that
these effects are highly nonlinear (3, 4). There-
fore, fishing strategies need to avoid, to what-
ever extent possible, depleting stocks below
critical ecological thresholds. Identifying these
thresholds remains an important priority for
forage fish fisheries management.
Furthermore, we agree with Szuwalski and

Hilborn (2) that management should re-
spond to declines in recruitment as an early
indicator of decreased productivity. In some
cases where stocks are frequently monitored
and environmental conditions that gov-
ern recruitment are well understood, it is
possible to anticipate these recruitment fail-
ures and adjust fishing accordingly. Our
paper (1) shows that, unfortunately, this

has not commonly been the case. There-
fore, it is important to put safeguards in
place to avoid inadvertent ramping up of
fishing rates when stock productivity and
abundance is in rapid decline.
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