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Highlights

» Integrated surveys developed by adding new sampling protocols to existing surveys. » They are a
response to integrated fisheries and environment policies. » They provide relevant data for ecosystem
description and assessment. » Next steps will concern integration, automation, and big-data analytical
framework.
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Preface
Multidisciplinary integrated surveys: objectives, achievements and future directions
1. Introduction

Over the last two decades, fisheries surveys have shifted their focus, from providers of data for single
fish stock assessments to become platforms for the multidisciplinary integrated monitoring of
ecosystems (including the continued provision of the data necessary for assessing fish stocks). Such
change in focus was possible in part because new research vessels built in the 1990s were sufficiently
large and equipped for multidisciplinary teams to work simultaneously onboard. The shift in survey
objectives, and the data provided, supported changes in policies for implementing ‘ecosystem based
approaches. In many countries around the Atlantic, sectoral fisheries management is now embedded
into ecosystem conservation and environmental legislation. Similarly, integrated maritime policies
now require collecting data on major ecosystem components to monitor the achievement of good
environmental status. Presently, fisheries surveys undertaken yearly.over large marine areas have
become the multidisciplinary platforms providing the required data.

2. Overview of themes in this issue

This Special Issue (SI) highlights solutions found for implementing multidisciplinary integrated
surveys, as well as major results obtained.

Surveys

Two papers, in the Barents Sea (Eriksen et al., thisiissue) and the Bay of Biscay (Doray et al. (a), this
issue), detail the historical and technical developments that allowed this process. The other papers in
the Sl present key results stemming from the multidisciplinary spring pelagic surveys undertaken in
the Bay of Biscay since 2000 by Spain and France. The surveys are part of the national monitoring
programmes, which are national contributions to two European Union policy frameworks, the
(sectoral) Common Fisheries Data Collection and the (environmental) Marine Strategy Framework
Directive. The surveys are coordinated under the auspices of the International Council for the
Exploration of the Sea (ICES), where scientists standardize survey data collection, data analysis
methodologies, and deliver data products for assessing fish stocks and ecosystems.

Instruments and Analytical Methods

Several-papers in this Sl describe specific methods for integrated monitoring and data analysis. The
development of multidisciplinary surveys has required the integration and optimization of various
sampling protocols at different scales. In the Barents Sea, changes in survey design and sampling
strategy resulted in ecosystem monitoring at large scales, with particular emphasis given to selected
fish stocks (Eriksen et al., this issue). An example of optimization in the collection of data is the
Zoocam (Colas et al., this issue). This imaging system technology provides en route continuous and
automated high resolution spatial count and morphometric data of plankton groups. With this
technology, a new stream of survey data is created. The multidisciplinary integrated surveys can now
be envisioned as part of regional integrated monitoring strategies, where buoys, drones, satellites
and surveys collect in an automated way information at complementary spatio-temporal scales. In
that context, Perrot et al. (this issue) describe how surveys have been used to provide the ground-
truthing data necessary to interpret satellite images.

Phenology and variability of the ecosystem components



An important issue for yearly repeated monitoring surveys is the difference between calendar and
ecological schedules. Surveys taking place on the same dates each year may not always coincide with
the timing of ecological processes. Huret et al. (this issue) suggest ways to quantify these variations
and how to best interpret the resulting inter-annual differences. Also, it is important to keep in mind
that multidisciplinary integrated surveys collect data from trophic levels with different dynamics. This
was highlighted by Petitgas et al. (this issue) who showed how the gradients in lower trophic levels in
the Bay of Biscay — at the scale of the survey area — were strong enough to characterize time-
consistent spatial patterns across all trophic levels, thus allowing for mapping ecosystem spatial
structure as a whole. Other papers dealt with specific aspects of the methodology, i.e. the spatio-
temporal and multivariate data analysis methods needed to characterize changes in the different
ecosystem components (Petitgas et al., this issue; Doray et al. (b), this issue) or of the data, i.e.,
marine mammal observations taken onboard the surveys were validated as being useful to assess
trends in abundance time series (Saavedra et al., this issue). In addition to maps; survey products
include time series of many indices of the different ecosystem components. Multiple trend analysis
was applied to times series of megafauna abundance (Authier et al., this issue). Another approach
was to rank time series’ indices based on their autocorrelation and identify those indices that drove
ecosystem change as a whole (Doray et al. (c), this issue).

Ecosystem function and energy budgets

Other papers in this Sl provide knowledge of the functioning of the ecosystem in the Bay of Biscay
and highlight how new data, in addition to standard fisheries data, can provide information about
trophic processes, characterize the habitats of pelagic fishes and top predators, as well as assess
their trends in abundance. Energy fluxes across trophic levels were analyzed by means of energy
density, a valuable measure that can be easily collected during surveys. Measurements of energy
density in zooplankton organisms (Dessieret al., this issue) revealed important differences between
taxonomic groups, which could.influence the energy transfer to pelagic fish. Condition in sardine and
anchovy determined with energy density measurements (Gatti et al., this issue) revealed differences
in feeding regimes between the two species, with sardine showing a greater energy storage capacity.
Also, energy storage in sardine differed between habitats. The trophic position of sardine as
characterized with stable isotopes (Bode et al., this issue) was reported to depend also on population
level abundance, meaning that feeding regimes and resource availability were dynamic. The
consistency and variability in time of habitats of top predators (Lambert et al., this issue) and of
pelagic fish (Doray et al., this issue) were documented and related to environmental parameters.

3. Next steps for integrated surveys

Multidisciplinary integrated surveys have developed by adding new objectives and sampling
protocols to existing fishery surveys, each relevant for a particular ecosystem component. This
approach has been transformational. Abundance indices for specific fish stocks are now embedded in
a larger ecosystem context with survey data contributing to characterize ecosystem structure and
patterns of variability. More process understanding and less structural description is now needed,
which will require a coherent monitoring strategy across ecosystem components and the
development of an analytical framework. We foresee three major next steps in the continued
development of integrated surveys, which will unlock sampling at high resolution, and enhance our
understanding of the relationships across ecosystem components. We anticipate the future steps will
develop around the key concepts of integration, automation, and big data analytical framework

The integration of observational scales. The domain-wide integration of pelagic and demersal surveys
performed in different seasons, with similar protocols for the lower trophic levels, will allow joint



analyses of seasonal and interannual variability, as well as of the bentho-pelagic coupling. Such
integrated strategies over the entire annual cycle will allow better characterization of habitats with a
full life-cycle approach, and thus will also allow the evaluation of climate change impacts. In addition,
the integration of survey data with data collected year-round at fixed observatories or with drones
should allow the analysis of intra-seasonal variability at finer scales.

The automated acquisition of novel data. The use of high resolution data (satellite, in-situ imaging,
broadband acoustics) will unveil fine-scale plankton and fish distribution and abundance patterns
over large areas and enable to better understand the relationship between plankton production and
fish condition. Also, new protocols already exist for the automated acquisition of novel fish data:
functional traits can be measured with 3D scanners, energy density with probes, genetic methods
can identify prey species from stomach contents, etc. This will make possible a.coherent monitoring
of corresponding features across trophic levels.

An integrated analytical framework. The analysis of such datasets at individual and community levels
will require new capabilities for management of big data flows and efficient analytical algorithms,
e.g., for deep learning. These novel data will enhance our understanding of trophic relationships and
trade-offs in habitats occupied, in space and time.

In all, we hope this Sl will be a milestone in the development of multidisciplinary ecosystem surveys.
The examples of the data products generated and the knowledge gained from these multidisciplinary
surveys highlight that, in addition to the provision of abundance indices for fish stock assessments,
they are invaluable platforms for the characterization, assessment, and monitoring of the marine
ecosystems.
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