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Making tactical and strategic decisions based using predictions of conceptual and mathematical models of increasing
complexity generally requires that processes either remain constant over time or develop in a predictable way. However,
there is increasing evidence that populations, ecosystems, and human systems change over time and not always in the
way we expect. Methods for detecting variation over time in individual processes (e.g., expected recruitment during
different ecosystem regimes, or changes in fisher behaviour after management changes) are developing rapidly, but
covariation among processes and synchrony in changes among different ecosystem components are important topics
of further research. There are also many unresolved questions regarding which processes can be predicted accurately
at different time scales, and what level of predictive precision is necessary when informing management. Perhaps more
importantly, there is relatively little synthesis regarding how changes in human behaviour arise from and impact upon
fisheries management actions and changes in biological processes.

i { James Thorson

Jim Thorson conducts research regarding state-of-the-art analytic approaches to theoretical and applied
questions in marine population ecology. He also participates in stock assessments as a member of
the FRAM division, while conducting cooperative research with other divisions at the NWFSC. Current
projects include 1) a semi-parametric model for surplus production; 2) meta-analyses of rockfish natural
mortality, recruitment for West Coast groundfishes, and weight-at-length parameters globally; and 3)
alternative approaches to assessing the status of species using only catch data.
http://sites.google.com/site/thorsonresearch

Olivier Thébaud

Olivier Thébaud is a resource and environmental economist. His research focuses on the development
of decision-support approaches and tools for the management of coastal and marine resources,
including ecological-economic modelling, and the economics of ecosystem-based approaches to
natural resources management. Key areas of application include the regulation of commercial and
recreational fisheries, aquaculture, multiple ecosystem uses and coastal hazards, as well as biodiversity
conservation policies including Marine Protected Areas. He currently leads the Economics Unit of
the French Marine Research Institute Ifremer, and the joint Ifremer-UBO research group AMURE. He is also an adjunct
professor with the Queensland University of Technology (Brisbane, Australia).
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What is MSY when stock productivity shifts? A worked

example from the North Sea

Lotte Worsge Clausen, Anna Rindorf, Mikael van Deurs, Morten Vinther,

Mark Dickey-Collas and Niels Hintzen

Pelagic fish support large scale fisheries and are key
components of large marine ecosystems across the world.
Their productivity is often highly variable with dominance
alternating between different components. The North
Sea Large Marine Ecosystem is characterised by long
term sustained high volume commercial fisheries on all
major small pelagic fish species. Here we investigate
the temporal development in the productivity of the four
key planktivorous fish species in the North Sea; herring,
sprat, Norway pout and sandeel. Productivity changes are
determined by analysing time series of recruitment success,

mean length of juvenile and older fish, and natural mortality
is estimated using data from stock assessment, survey
catches and commercial samples of the four species.
Using time series analysis, we detect consistent temporal
shifts across species related to changes in their main food
supply measured from the abundance of copepods in CPR
data. Estimating Maximum Sustainable Yield of the four
species in the periods between these transitions reveals
important changes to the yield and the composition of
the catches. This will impact both the ecosystem and the
dependent commercial fisheries industry.

Stochastic maximum sustainable yield reference points for
Northern cod, including variable natural mortality rates and a

spatial stock-recruit model

Noel Cadigan, Jon Fisher and Joanne Morgan

Northern cod (Gadus morhua) off southern Labrador and
eastern Newfoundland is an iconic Canadian stock with
a varied past. It collapsed in the late 1980’s and early
1990’s and a moratorium on commercial fishing is still in
place. This stock has changed dramatically in size and
spatial distribution which makes its stock assessment
and determination of maximum sustainable yield (MSY)
reference points more complicated. A new integrated
state-space assessment model has been developed

for this stock that addresses issues related to uncertain
catch statistics, variable natural mortality rates (M’s), and
changes in survey catchability. This model integrates much
of the relevant productivity information for this stock. We
use the results of this model and a novel spatial stock-
recruit model to calculate stochastic MSY reference points
that include expected future levels and variability in M and
recruitment.
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Decadal changes in reference points for stocks of EU interest

in the northeast Atlantic

Kenneth Patterson

MSY targets have been adopted as objectives for the
Common Fisheries Policy, and monitoring of stock
development over time with respect to MSY reference
points provides managers with a measure of the success of
policy implementation. However, these are moving targets:
from 2003 until 2013 Fmsy values as advised by ICES for
the principal fish stocks in European waters increased on
average by 29%. An attempt is made to ascribe the drivers
for Fmsy increases among factors such as management-
driven effects (reduced fishing mortality and selection at
older ages), data-driven changes concerning somatic
growth (e.g. density dependence of growth rates), and

changes to methodological assumptions in the provision
of advice. Initial results suggest that of 17 stocks where
Fmsy estimates increased, 9 showed faster growth, 5 were
assessed with higher values of natural mortality, and 5
showed indications of increased selection at older ages.
However, 6 stocks with higher Fmsy estimates in 2013
appeared to show slower growth, unchanged M and no
increase in age-related selectivity and so the increase in
estimated yield-per-recruit may be due to structural issues.
Some inferences for monitoring policy implementation can
be drawn.

Local Sensitivity of Fisheries Management Target and Limit

Reference Points

Noel Cadigan and Shijia Wang

Reference points and harvest control rules are important
for good fisheries management. However, they can have
substantial economic and social implications for fishing
industries and communities, especially via ecolabeling of
the sustainability of fisheries. Reliable and useful reference
points should be reasonably stable over time and robust to
uncertainty. For this purpose it is first useful to understand

which of the reproduction, growth and mortality processes
that are involved in the calculation of the reference points
are more influential. We derive equations that describe
how per-recruit and maximum sustainable yield reference
points are influenced by changes to productivity inputs.
Our results provide a theoretical basis to understand the
reliability and robustness of these references points.
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Evaluation of harvest control rules under changes of fish
productivity using a closed-loop simulation

Roberto Licandeo, Divya Varkey and Carl Walters

Reference points and harvest control rules (HCRs)
based on maximum sustainable yield assume stationary
environmental conditions. Nevertheless, regime shifts can
produce changes in fish productivity and could necessitate
a change in the harvest policy. Regime shifts may alter
the stock-recruitment relationship through changes in
either “carrying capacity” or juvenile survivorship (or
both), i.e., regime shift in beta (beta-rg) or alpha (alpha-
rg), respectively. We explored HCR performance under
these two non-stationary conditions. An age-structured
model based on Jack Mackerel (Trachurus murphyi) life-
history was used to simulate the population dynamics. We
simulated persistent changes in productivity under a beta-
rg or alpha-rg and the HCR performance was examined
using a closed-loop simulation. Auto-correlated errors over
time in the stock assessment were simulated using Kalman
filtering. We used a generic HCR: quota = gslope*(Bhat-
Bmin) to characterise “fixed exploitation rate” or a “fixed
escapement” harvest policy (Bmin [optimum escapement]

= 0 implies a fixed exploitation rate rule; Bmin > 0 and
gslope = 1 implies a fixed escapement rule). We found that
the control rule form was related to the stock depletion
and the state of the system (i.e., if the current regime
shift represented a period of low productivity compared
to the historical assessment period). For example, when
depletion was high (low stock levels) and the regime shift
caused a decline in productivity, the best strategy was the
“fixed escapement” (with gslope > 0) policy irrespective of
whether the regime shift was manifest through a change
in carrying capacity or juvenile survivorship or whether
the performance metric was to maximise total catch or
sum of log catches (ie., a risk-averse utility function). In
general, at lower levels of depletion (higher stock levels),
“fixed exploitation” was the best strategy for maximising
the long term yield. Further, the beta-rg produces more
average long term yield than alpha-rg irrespective of the
performance metric and and the state of the system.

Equilibirium properties of the Ricker stock-recruitment model
and their relationships with spawning-per-recruit at zero

fishing mortality and recruitment regime

Luis A. Cubillos and Sandra Curin-Osorio

In assessing environmental impact on long-term reference
points, the S-R question should be attacked from a
different perspective from the traditional statistical analysis
of fitting. S-R parameters should be estimated from
equilibrium S-R properties of models, and from equilibrium
relationships by combining S-R parameters with spawning
biomass-per-recruit (SPR) and yield-per-recruit (YPR)
analyses. YPR and SPR are equilibrium cohort-based
models, and there is a correspondence with S-R models
in terms of equilibrium properties of the models. The
relationships can be achieved by reformulating the S-R
models in terms of the unexploited spawning biomass

(S0). In this paper, the equilibrium properties of the Ricker
S-R model was analysed and the relationship between
these properties with spawning biomass per recruit were
established. It is demonstrated that the slope of the Ricker
S-R model is related to the unexploited SPR, and that the
productivity parameter is determined only by an absolute
estimate of the unexploited spawning biomass (S0). Once
the relationships were established, the impact on long-
term vyield of fish and biological reference points were
analysed by taking into account changes in the unexploited
spawning biomass as induced by environmental changes
producing recruitment regimes.
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Evaluation of the target fishing mortality utilized for the
sustainability of the austral sardine (Sprattus fuegensis)

fishery in Patagonian waters of Chile

Luis A. Cubillos, Sandra Curin-Osorio and Sergio Neira

The austral sardine (Sprattus fuegensis) is the main
fish resource of a small-scale fishery operating in the
Patagonian waters of Chile (41°30’S-46°00’S). The
landings have fluctuated between 14,344 and 48,589 tons
between 2006 and 2014. The stock assessment of the
austral sardine utilises a separable catch-at-length model
and a total allowable catch is estimated according to a
target fishing mortality at 60% of the unexploited spawning
stock biomass per recruit (F60%). The austral sardine is
a forage species in the Chilean Patagonia and the stock
size is dependent on incoming recruitment. The objective
was to evaluate the performance of the current target for
fishery sustainability. A simulation—estimation framework
was used to examine the performance of three fishing
mortality targets (F=M, F55% and F60%). An Ecopath with
Ecosim model projected the biomass of the austral sardine
during 20 years under the previous fishing mortality rates

and used as input to an age-structured operative model
(OM). The OM simulated projections during 20 years under
different structural scenarios for the population dynamics,
i.e. the stock-recruitment model and natural mortality, as
well as process and observation errors. The results showed
that the F60% target had a good performance only when
the underlying population dynamics followed a Ricker
stock-recruitment model. The ratio between the projected
spawning stock biomass and the unexploited spawning
stock biomass (SSBi/SSBO0) was slightly above the target of
60%. The F55% was not able to identify an overexploited
status because the SSBi/SSB0O was lower than 55%
during the projected period. A more precautionary fishing
mortality target is suggested for the austral sardine fishery
sustainability. In addition the target fishing mortality should
be computed each year due to changes in selectivity due
to interannual recruitment fluctuations.

Spatiotemporal variation of fish size spectra across
geographic and bathymetric gradients: an Atlantic -
Mediterranean comparison

Manuel Hidalgo, Antoni Quetglas, Marina Delgado, Antonio Esteban, Luis
Gil de Sola, Francesc Ordines, Lucia Rueda, Antonio Punzén and Enric

Massuti

Detecting the spatial and temporal scales of variation of
fish community dynamics is one of the main challenges
when moving from populations to community level
processes. Size spectra of fish communities are among
the most robust size-based metrics to characterise fish
communities and to assess potential effects of fishing
on communities and ecosystems. However, it is still a
challenge to evaluate how the relative contribution of
size-selective removal of predators and the release of
preys affect size-spectra at temporal and spatial scales. In
addition, few studies focus on the relevance of the spatial
variance of the slope, rather than mean values, as an
indicator of the spatial heterogeneity of the community. We
use information of trawl surveys to compare five contrasting
ecosystems around Spain, two in the Atlantic and three
in the Mediterranean coast. For each ecosystem, we
calculate spatial and temporal variation of the mean slope
of size spectra and its coefficient of variation for distinct

bathymetric communities. Estimates were compared with
the relative biomass of preys and predators to assess the
relevance of drivers shaping both strength of the slope
and its variability. Results evidence both general and
contrasting patterns in the size-spectra, as well as in the
relative contribution of the drivers, across geographic and
bathymetric gradients. In all the systems, mean biomass of
small-sized individuals drives short-term temporal variation
of the mean slope, while mean biomass of large-sized fish
constraints the long-term pattern of size spectra as well
as the variability (i.e., coefficient of variation). Our study
also reveals certain spatial segregation of the influence
small-sized and large-sized components of the spectra
in some areas. We discuss how the relationship between
mean and variance of spectra may help to understand the
context-dependent characteristics of each ecosystem and
contribute to delineate outputs and input controls helpful
for fisheries management.

J




myfish £

Maximising yield of fisheries
while balancing ecosystem,
economic and social concerns

ICES SYMPOSIUM

TARGETS AND LIMITS FOR LONG
TERM FISHERIES MANAGEMENT

Effects of recent changes in stock conditions and mixing
on sustainability and economic viability of the fishery - The

Danish fisheries for Baltic cod

Francois Bastardie, J. Rasmus Nielsen, Anna Rindorf and Margit Eero

Recent changes in stock conditions and stock mixing
between both the Baltic Sea cod stocks jeopardise the
reliability of the stock assessments and put the economy
of the fisheries at risk. Focusing on the Danish fisheries, we
used an individual-vessel based bio-economic modelling
approach (www.displace-project.org) to assess how far
a change in the population structure (growth, recruitment
and East-West migration) would affect the economy of the
fisheries at stake under the current MSY management plan
and which fleet segments/activities are more likely to be
adversely affected. The model reproduces the harvesting
dynamics using information about fishing ground
preferences and experienced vessel-specific catch rates.
The assessment computes the daily decision-making of
the fishing vessels and the individual or overall economic

and stock status indicators together with the size-based
spatial distribution dynamics of the cod stocks. In this
application, scenario testing applies on Danish vessels
(>12 m) conducting the Baltic Sea cod fisheries by altering
the spatial distribution of effort and associated costs. The
stock mixing was a determining/crucial factor affecting the
profit of various fishing communities and the efficiency in
energy use by affecting the stock abundances and spatial
dynamics, while growth and recruitment affects the size
composition of the landings, and decrease the final profit
estimates from the landings originating from different
visited areas. This modelling study contributes to the
evaluation of the effect of different recommendations on
sustainability and economic viability of the fishery.

Multi-species and multi-models; accepting imperfection in
an uncertain world

Stuart A. Reeves, Robert B. Thorpe

The incorporation of information on multi-species
interactions into fisheries assessments and advice is a well-
established research topic in European fisheries science.
The inclusion of such ideas within the recently reformed EU
Common Fisheries Policy has acted as a spur for renewed
interest in the topic. Accounting for multiple stocks and
their interactions within a single model adds considerable
complexity to the assessment process, both in the
nature of the system being modelled and in the structure
of the models in use. This added complexity makes the
estimation and handling of uncertainty a particularly
important part of the process. In this study we employ
an ensemble of size-structured multi-species models
to perform stock projections to investigate interaction
strengths and vyield trade-offs for 21 North Sea stocks.

Comparisons within the ensemble enable us to examine
the sensitivity of results to assumptions about parameter
settings, while comparison with published results from
comparable projections using other multi-species models
illustrates the effect of assumptions about model structure.
Our results indicate that estimated interaction strengths
and yield trade-offs are sensitive to both parameter and
structural uncertainty. Given our findings, we recommend
that multi-species modelling would benefit from the
use of a multi-model approach which would enable the
uncertainties to be considered explicitly. However, the
results also have implications for single species models
and for how information on multi-species interactions is
used in scientific advice on fisheries management, and our
study also explores these issues. )
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Detecting shifts in productive habitat and overfishing limits
using spatial state-space surplus production models

James T. Thorson, Jason Jannot, Kayleigh Somers

Global climate change, ocean acidification, and industrial
fishing impact demographic rates of individual fish
populations, and also affect population interactions and
marine community structure. Population and community
changes could potentially shift the spatial distribution of
fish populations, as well as change which parts of the
distribution are more or less productive. Meanwhile,
fisheries managers worldwide are expected to assess
status and determine fishing targets and limits for an
increasing proportion of marine species. Therefore, there
is need for rapid, widely applicable methods to estimate
fishing limits that vary spatially and over time. Here, we
present a spatial state-space surplus production model that
uses recent advances in geostatistical methods to estimate
spatial variation in population density, fishing intensity, and
overfishing limits. This model uses finite-element analysis
techniques to account for advective-diffusive movement of

individual fish, and fits directly to each individual survey
and fishery tow. In this talk, we evaluate the spatial surplus
production model using a simulation experiment, and
demonstrate that it can precisely estimate the magnitude
of spatial and spatiotemporal variation as well as the
strength of density-dependent population regulation. We
also demonstrate the method using 10 years of data for
big skate in the California Current, including catch and
effort from a bottom trawl survey and spatial fishing effort
data from the fishery logbooks. We compare estimates
of coastwide overfishing limits with a previous data-poor
assessment technique (Fmsy/M). Based on these results,
we argue that spatial models of population dynamics are a
useful first-step to screen for shifts in spatial distribution,
and can be used to inform changes in spatial fisheries
management actions over time.

It’'s the economy, stupid! Projecting the fate of fish
populations using ecological-economic modelling

Martin F. Quaas, Thorsten B. H. Reusch, Jorn O. Schmidt, Olli Tahvonen,

Rudi Voss

Four fish species are among the most important on the
world market: cod, salmon, tuna, and sea bass. While the
supply of North American and European markets for two of
these species — Atlantic salmon and European sea bass -
mainly comes from fish farming, Atlantic cod and tunas are
mainly caught from wild stocks. We address the question
what will be the status of these wild stocks in the mid-term
future, in the year 2048, to be specific. Whereas effects of
climate change and ecological driving forces on fish stocks
have already gained a lot of attention, our prime interest is
in studying the effects of changing economic drivers, as
well as the impact of variable management effectiveness.
Using a process-based ecological-economic multi-species
optimisation model, we assess the future stock status under
different scenarios of change. We simulate (i) technological

progress in fishing, (ii) increasing demand for fish, and (iii)
increasing supply of farmed fish, as well as the interplay of
these driving forces under different scenarios of (limited)
fishery management effectiveness. We find that economic
change has a substantial effect on the stocks. Increasing
aquaculture production can dampen the fishing pressure
on wild stocks, but this effect is likely to be overwhelmed
by increasing demand and technological progress, both
increasing fishing pressure. The only solution to avoid
collapse of the majority of stocks is institutional change
to improve management effectiveness significantly above
the current state. We conclude that full recognition of
economic drivers of change will be needed to successfully
develop an integrated ecosystem management, and to
sustain the wild fish stocks until 2048 and beyond.
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Detecting ecosystem signals of technological creep and
density-dependent changes in catchability and their impact
on policy exploration with an ecosystem model of the

southern North Sea

Moritz Stabler, Alexander Kempf, Marc Hufnagl, Axel Temming

Amongst the key benefits that multispecies and ecosystem
models provide in support of strategic decisions in
fisheries management is their capability to account for
fishing effects on not only target, but also bycatch species
simultaneously. As for bycatch, fishing mortality rates (F)
are unknown and F-related fishing targets not established,
the use of ecosystem models for policy exploration
often relies on fishing efforts as a lever. That requires the
model to make assumptions about how effort translates
to respective Fs of the species included in the model.
These assumptions affect how the model is fitted to
historic records of its state variables (biomasses, catches,
efforts, Fs...), the so called hindcast, which again has
consequences on resulting population dynamics of the
groups modelled and their reaction to exploratory fishing
regimes. In vivo, two factors should shape the response
of F to nominal fishing effort: technological development,

which constantly increases the vessels’ effectiveness; and
density-dependent catchability, according which stocks
can contract and remain available to the fishery at high
density despite their abundance being in decline. Explicit
knowledge of both factors bears the potential to better
understand past dynamics of stocks and system and to
improve, if not even the forecasting power of ecosystem
models, at least our understanding of their uncertainties.
We established estimates of significance and extent of
both technological development in the fleets and density-
dependent changes in catchability of target and non-target
species of the southern North Sea. We then identified
how inclusion of both factors in an ecosystem model of
the southern North Sea affects hindcast simulations and
fishing policy explorations, both input (effort) and output
(Fmsy) controlled.

Could multistock reference points mitigate the impact of
landing obligation in the economic performance of the
fleets? The case study of Spanish Demersal fleets operating

in Iberian Waters

Dorleta Garcia, Raul Prellezo, Paz Sampedro, Jose Castro, Jose Maria

DaRocha and Santiago Cervino

In this study we evaluated the economic impact of the
Landing Obligation (LO) policy in the Spanish demersal fleet
operating in the lberian Sea region. We used a multistock
and multifleet simulation model to combine the LO policy
with a multiannual management plan based on a maximum
sustainable yield (MSY) framework. We used two different
sets of MSY reference points, the MSY reference points
defined by ICES and a vector of reference points calculated
simultaneously using a bio-economic optimisation model.
Furthermore, we used two different fleet dynamics models,
in one of the models the effort distribution among metiers
was maintained constant and in a second one we studied
the adaptability of the fleet through the redistribution of total

effort among metiers according to a profit maximisation
strategy. In both approaches, selection patterns at metier
level were maintained constant. However in the second
approach since the effort distribution along metiers varied,
the overall selection pattern also changed. We found that
the impact of LO differed from fleet to fleet and it was
highly dependent on the fleet dynamics used. While some
fleets where negatively affected in the whole simulation
period others were benefited from the implementation of
the policy. The multistock reference point did not have the
expected outcome and it only served to mitigate the effect
of LO in some specific cases.
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