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Ecologically Sustainable
Exploitation Rates

- A multispecies approach for fisheries management -

Significance

A new statistical method of estimating exploitation levels of
interacting fish populations that are sustainable with respect to the
state of whole fish communities.

Definition

Exploitation rates associated with a maximum acceptable probability
(determined by management) that any interacting species decreases
to an unacceptably low population size.

Data requirements
Time series of interacting fish populations, exploitation rates and
potentially important environmental covariates.

Methodological approach

Fig 1. An illustration of the methodalogical
approach of estimating Ecologically
Sustainable Exploitation Rates (ESERs).
Parels (a), {b) and (c) illustrate marginal
stationary distributions of & multivariate
autoregressive model of biomasses of the
interacting fish species cod, sprat and
herring, subjected to {a) low, (b} mean
33 +0 4.9 50 35 8.0 65 0 75 80 83 historical or {c) high mean exploitation rates
Ln(Biomass) on sprat, and meaan histerical exploitation on
b cod and herring. The filled areas in (a)-(c}
represent the marginal probability that a
species biomass goes below its critical
biomass limit (Blim). These marginal
prababilities make up the sore of the
multispecies objective function shown in (d).
The y-axis in {d) represents the difference
' between a predefined maximum acoeptable
34045 500 55 80 65 7O 7S 80 85 probapility that any species goes below its
Ln{Biomass) Blim, and the probability for this to occur
¢ given a set of mean exploitation rates
Blim Bim  Bim Exploitation rates associated with positive
| values of the objective function represents
Ecologically Sustainable Exploitation Rates.
Exploitation rates are represented as
anamalies, i.e. as the number of standard
deviations above or below mean historical
levels (hare 1988-2014).
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Fig 2. The probability of ecologically sustainable
itation is more constrained in a mu ies as
compared to a single-species setting.

pplication

he probability of ecologically
ustainable exploitation is more
onstrained in a multispecies as
ompared to a single-species
etting.

Implications
IThe statistical approach of
estimating ESERSs of interacting
fish populations is framed around
a simple and accessible
objective at the community level.
This makes analytical derivation
of ESERs an applicable
complement to conventional
ingle-species stock
Essessment.
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Abstract text:

Fisheries management is slowly evolving from its traditional single species focus to a more
holistic ecosystem based approach. Yet, limits for exploitation are almost always set based on
single species models, treating species as isolated entities. This is problematic since the
sustainability of a fishery hinges on its effects on the exploited community as a whole. Here,
we develop a novel analytical approach of estimating exploitation rates that are sustainable
with respect to the state of whole fish communities. Our approach simultaneously addresses
species interactions, environmental covariates and natural variability of population sizes, yet
it is framed around a simple and accessible objective. We derive Ecologically Sustainable
Exploitation Rates, i.e. exploitation rates associated with a maximum acceptable probability
(determined by management) that any interacting species decreases to an unacceptably low
population size. Using models fitted to an exploited fish community we show how accounting
for species interactions constrains the possibilities for ecologically sustainable exploitation.
The conventional omission of species interactions may thus result in overestimated
exploitation limits. Moreover, our application rendered a counterintuitive result: it suggests
that the exploitation of one species should increase, as compared to mean historical levels, for
the purpose of conservation of the community as a whole. Such insights could impossibly be
gained using single species approaches, illustrating the need to adopt multispecies models in
fisheries management. Analytical derivation of Ecologically Sustainable Exploitation Rates
offers a mean to do so.
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