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Preface

The Worksho,o on "Bio-ecological Observations
in Operationa .Oceano?_lraphy" was held from 6 -
8 April 2000 in Den Haag, Netherlands. It was
organised by the Scientific Advisory Workmg
Group of EuroGOOS in conjunction with ICE
and also received funding from EU Directorate
General XII, Research.

EuroGOOS is the Association of European
national a%e_nmes for developing operational
oceanographic systems and services in European
seas, and for gromotmg European participation
in the Glohal Ocean Observing System (G OSB)'
EuroGOOS was set up in 1994 and has now 31
Members from 16 countries.

The Global Ocean Observing System is planning
to co-ordinate, strengthen, and harmonise the
national and international efforts to assess and
predict the marine environment and thus to
effectively improve operational oceanography
world-wide. Operational oceanography can he
defined as the activity of systematic and long-
term routine measurements of the seas, their
interpretation, and the rapid dissemination of
operational products (typically forecast, nowcast,
hindcast).

To establish a scientific base to quide the Euro-
GOOS Plan, the Scientific Advisory Working
Group was set up. It initiated a series of work-
shops under the motto "Extending the Limits of
Predictability”. The first workshop on "Predict-
ing the Ocean for the 21st Century. Optlmlsmg
the Observations Network for the Atlantic an

Adjacent Seas" took place 8-9 March 1999 in
Rome and was attended by 45 participants from
13 countries. Its broad objectives aimed at
developing operational oceanography in scope
(physics to ecqlogyz, In accuracy (evaluation of
modules) and in extent of prediction period (via
data assimilation, coupling of ocean-shelf and
marine-atmospheric models%.

The second workshop on "Ocean Atmosphere
Shelf Sea Coupling” took place in Norrkoping,
Sweden, 14-15 September 1999 with 13 partici-
pants. Based on BOOS, the Baltic Ocean Ob-
servmﬁ System, issues discussed during this
workshop included nested modelling, air-sea
exchanges and how it is influenced by ice, and
coupling protacols.

., ofeMnoNAO attf
Lisml » tousaElma

Figure L Elements ofoperational oceanography

The present workshop is the third in the series.
Its aim is to broaden the focus of EuroGOOS
from chm_atlc/phP/smal operational oceanography
by including biological variables and to advance
an ecosystem approach for ocean monitoring.
The workshop was attended by 35 participants
from 11 European countries (see Annexe 2).

The workshop was organised in four sessions
dealing with user requirements, sampling tech-
nology, anthropogenic and climatic influences on
ecosystems, and ecosystem modelling. At the end
of the workshop participants discussed and
formulated recommendations to a European
Ocean Observm%_ System focusing on future
demands for bio-ecological products, the
emergmg requirements for monitoring technol-
ogy, and improved scientific understanding of
specific processes.

The organisation of this report follows the
structure of the workshop rather closely by
having achaPter for each session, containing the
summaries of presentations followed by a session
synthesis. The final chapter summarises the
recommendations of the workshap.

We thank Sally Marine for copy editing and
layout of this report.



Executive Summary

EuroGOOS and ICES organised a workshop on
“Bio-ecological Observations in Operational
Oceano%raphy” (held in The Hague, 6-8 April
2000). The goal of this meeting was to advance
an ecosystem approach for ocean monitoring by
describing existing surveys, technologies, “and
concepts of bio-ecological oceanography and by
discussing strategies of how to meet présent and
future user requirements in this sector. The
workshop covered user requirements, sampling
technology, anthropogenic and climatic influ-
ences on the ecosystems, and ecosystem
modelling.

Workshop Partlupants recommended that user
involvement in the sampling strategy should be
given high priority. Identified users were: the
scientific community, environmental and public
health agencies, coastal managers and decision
makers, “the EUbJIC in general, fisheries and
aquaculture business, Shipping and tourist
industry, and the navy. Participants recognised a
need for further user requirement surveys as
well as for an improvement of the interaction
between maring scientists/operational agencies
and politicians/_public. In addition, it was felt
that a contribution of stakeholders to sampling
and monitoring could reduce costs and improve
acceptance of operational oceanography.

Sampling strategy should include different
monitoring, types and schemes. Cost reduction
of expensive monltorm% could be achieved
through the improvement of error models and
through a responsive sampling strategy.
Participants suggested that proqress of the bio-
ecological ~monitoring. technology could be
achieved through the |m€_rovement of existing
and development of new bio-sensors, through a
standardisation of the most common methods,
and advances in the use of remote. sensing for
the assessment of primary productivity.

Workshop participants agreed that improvement
and development of impact indicators for the
monitoring and control of pollution in coastal
environments, should be prioritised, and that a
common definition, harmonisation and  stan-
dardisation of the most important indicators
must be achieved.

Another major point of discussion evolved
around ecosystem considerations for fish_ stock
assessment that will require new type of data.
Workshop  participants  recommended  that
scientific efforts to identify those ecological

variables and models that have a significant
effect on fish distribution and abundance should
be greatly increased. The importance of
spawning ~areas for fish monitoring was
reco?nlsed and adequate research recommend-
ed. Tt was also felt that non-commercial fish
species deserve more attention than they are
given at present.

Improvement and extension of hio-ecological
data analyses was deemed necessary. Partici-
pants suggested the establishment of data analy-
ses centres and of quality criteria for parameters,
methods, processes, and’model results. Strength-
ening the co-operation among modellers from
different institutions and regions was seen as the
only way to develop "indispensable bio-
eco oglca operational models. ~ Such models
should be based on identified user requirements.
Among the processes deserving more attention
from a bio-ecological operational perspective,
were transport and ecosystem models, benthic
processes, and benthic-pelagic interaction.

Participants _strongg/ recommended improve-
ment in building and using long-term databases.
They suglgested the initiafion of such databases
in hitherto neglected areas &e.g. Mediterranean,
Black Sea) and advised that Systematic collec-
tion of biological data should e performed b
national and International agencies. In addition,
easier access to databases was gudged necessary
and the establishment of a_“cata "analyses and
data mining" software depository recommended.
The “Continuous Plankton Recorder” was
spemfl_callk/ commended for quality and
accessibility.

Workshop participants identified a number of
products from bio-ecological monitoring, some
of which already result from existing models.
They recommended emphasmmq visualisation
of data analyses and model results in order to
ensure wide ‘use and easy access to operational
oceanographic products.” Among the  products
mentioned were: High quality” data ‘sets for
scientific research (e.gf. primary productivity);
early warnln? systems Tor harmful algal hlooms,
oil ‘spills, efc.;” habitat mappln? for different
benthic organisms; measurement of fluxes and
trangport tracking of hazardous substances and
nutrients; monitoring and forecasting of stratifi-
cation patterns; size of physically defined feed-
ngg areas for many fish™ species; and many
others.



1 Introduction

Among the ocean sciences, it has been physical
oceanography that until now contributed most to
the GOOS aims. Ocean climate_ forecasting is
well prepared to meet the GOOS challenge
combining advanced measurement technlques
with growing theoretical and practical modelling
capabilities. “Although fish stock assessment &s
carried out bP/ the members of ICES represents
one of the oldest operational maring activities,
biological operational oceanography is generallr
not aS advanced. This is a result of the difficul-
ties involved with the development of automated
sampling techniques, and understanding of the
complex fluctuations and distribution of many
living organisms. As Dik Tromp emphasised. in
his welcome speech to the. Workshop partici-
pants, bio-ecological operational oceano%raphy
or the link between physics, water quality and
biology is the most difficult task yet encoun-
tered by EuroGOOS,

Three (of five) GOOS modules, LMR (Living
Marine” Resources), HOTO,(HeaIth of the
Ocean), and Coastal GOOS, aim at establlshln%
the means to protect the environment and mee
the objectives of Agenda 21, the Biodiversity
Convention (see GOOS 199@ and the Water
Framework Directive. EuroGOOS surveys show
a great unfulfilled demand for water guallty
dafa, primary productivity, health-related, and
fisheries related data. Fmall){, new sensors and
new._models make Dio-ecological forecasting
feasible now for the first time.

So far, the GOOS modules mentioned have set a
%eneral frame of variables, products and possi-
le users for their work but have not proceeded
to specify the strategies needed to acquire par-
ticular Eiroducts gsee 10C 8ubllcat|ons 1996,
1997, 1998a, 19980, 199%, 1999b). This
specification is, however, on?omq. Within
OO0S modules, a number of international
research and development projects take place
that, focus_on very different “aspects of the
marine environment: HOTO has a pilat project
in Brazil on "Rapid Assessment of Marine
Pollution" (RAMP), whereas the LMR module
has a more regional focus and concentrates on
fisheries in co-operation with FAO.

Keith Brander, official ICES representative at
the workshap, stated. that ICES is determined to
play an active role in GOOS. He mentioned a

number of activities relevant to GOOS that are
carried out by ICES at present, such as the inter-
national botfom trawl surveys and the mainte-
nance and building of data’ bases. The ICES
Steering Group on GOQS additionally listed a
number” of ways in which ICES could assist,
including . () “working with EuroGOOS to
establish” integrated operational oceanographic
monitoring in the North Sea to address
ecosystem and fisheries requirements, (b)
explorlng the feasibility of a similar approach in
Barents Sea, Nordic Seas and Labrador Sea, and
(c) nominating representatives on Ilvmq marine
resources to the appropriate GOOS panels.

The goal of the Workshop on "Bio-ecological
Observations in Operational Oceano%raph%/' did
not only consist in describing a number of state-
of-the-art techmgues of bio-ecological monitor-
Ing but also to aiscuss the status of interpreta-
tion and modelling of bio-ecological data
including possible future trends. It is expected
that the results of the Workshop will contribute
towards an increasing awareness of hiological
oceanography and its possibilities. This should
encourage résearch and promote the increased
integration of biochemical observations in the
ongoing. operational oceanographic programs.
The design of a permanent operational oceano-
?raphlc observing system depends_ upon scien-
Ific understanding of marine physical and bio-
qulcal Processes, possession of competent tech-
nology, and a knowledge of what is required by
potential users of the information. The recomi-
mendations of workshop participants to GOOS
and EuroGOOS and those supporting the Global
Ocean Observing System take into account pre-
sent and predictable user requirements as well
as present_knowledge on marine ecosystem
Proc_esses. The recomimendations are set out in
ull in Chapter 6 of this Report.

Where recommendations of this Report reciulre
existing components of EuroGOOS to deliver
new products for use by the bio-ecological
community, this request will be transmitted im-
mediately to the relevant body. Where new ob-
servations or data types need to be developed,
these observations Will be scheduled and” im-
plemented, in collaborations with ICES and
other bodies, when technically permitted. This is
a new frontier.
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Figure 2: Bio-ecological products showing monthly monthly com posites ofchlorophyll a distribution
in the North Sea from SeaW iFS data. Plymouth M arine Laboratory - Remote Sensing Group

involvement within SEAM AR (http://www .ieo.es/seamar/seamar.htm).

The authors would like to thank the SeaW iFS Project (Code 970.2) and the Distributed Active Archive
Center (Code 902) at the Goddard Space Flight Center, Greenbelt, M D 20771, for the production and

distribution o fthese data, respectively. These activities are sponsored by NASA's Mission to PlanetEarth

Program.
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Users of Bio-ecological Products
and their Data Requirements

2.1 Summaries of presentations

Bio-ecological data requirements
identified by GOOS/EuroGOOS

Johanne Fischer
EuroGOOS Secretariat
Southampton, United Kingdom

Operational Oceanography can be defined as the
activity of systematic and long-term routine
measurements of the seas and oceans and
atmosphere and their rapid interpretation and
dissemination. GOOS and its regional pro-
rammes, such as EuroGOOS, are promoting
the development of an internationally co-ordi-
qgtge% operational oceanographic system (1OC,

Five Modules have been set up by GOOS
focusing on different aspects of such a system:
1) Climate Monitoring, Assessment and Predic-
tion, 2) Assessment and Prediction of the Health
of the Ocean (HOTO), 3) Monitoring and
Assessment  of  Living Marine  Resources
E)LMR), 4) Coastal Seas Management and
evelopment (Coastal GOOS), 5 Marine
Meteorologlcal and Oceanographic  Services
(I0C 1996a). HOTO concentrates on anthro-
pogenic activities and their effects on the ocean
environments, LMR wants to  provide
information on the state of living marine
resources and ecosystems, and Coastal GOOS
aims at quantifying perturbations and stresses to
coastal ecosystems as well as detecting and
predicting their effects on people, coastal
ecosystems and living marine resources, and
coastal marine operations.

The HOTO, LMR and Coastal GOOS Panels are
each developing strategies for the development
and implementation of their respective products
and have already su?gested_ a number of vari-
ables and products to be included in GOOS.
LMR identified possible users for products from
this sector, most prominently regulatory agen-
cies, environmental organisations, wildlife
reserves, tourism and sports fishing, climate
change and other research, and private sector
or%anlsatlons impacting the environment (10C
1998h). Recently, EuroGOOS has performed a

data requirement survey in 6 European countries
(Fischer & Flemming 1999) and found that
variables from the B|0ﬁeoche_m|cal group were
requested by 40% of all participants, mainly by
research institutes, environmental organisations,
the private food sector (esgeually aquaculture),
and the services sector. Overall, the six most
frequently requested biogeochemical variables
were phytoplankton composition, suspended
sediments, chloroghyll, nitrate, phosphate and
oxygen. It should be noted that no trophic levels
beyond zooplankton were included on the list.
Data products from GOOS are needed on
different spatial and temporal scales that depend
very much on the application for which they are
needed as well as on the tyPe of variable that is
being requested. This is reflected in the results
of the EuroGOOS Data Requirement Survey. In
contrast to other variables, the hl%hes_t demand
for biogeochemical data products is in the
estuarine environment and relatively long
forecast periods tend to apply to many variables
from this group, especially to  harmful
substances (e.g. PAHs). In" spite of the
difficulties involved in measuring many
biochemical ~ variables, average variable
accurac?/ requested is not lower than that of
Physma variables. However, spatial as well as
emporal resolution required for biogeochemical
operational products tend to be coarser than for
other products whereas no differences in
vertical resolution can be detected between
physical and biogeochemical variables.

Data and technology requirements for
water quality assessment

S JMalcolm & D K Mills
CEFAS Lowestoft Laboratory
Lowestoft, United Kingdom

Government needs for data are policy driven at
national, E.uroPean or international level. Apart
from a desire to ensure that current operational
monitoring ﬁrogrammes meet present needs
changes in the approach to data collection are
likely to be required in the future to meet
changing policy needs. For example, the
emergence of requirements for an ecosystem
approach to environmental management and the



setting of ecological quality objectives will
require a review and Eossmle changes in current
practice. There is likely a need to measure a
wider range of variables and also to include
measurement of rates as well as state variables.
Further, there is an awareness that low-
frequency ship-based observations do not
resolve environmental and ecosystem variability
at the appropriate spatio-temporal scales for
present needs. An integrated approach using a
range of sampling strategies and platforms will
be required to meet the future needs.

The design of an effective operational
monitoring  programme needs to address
questions ~ concerning choice of measured
variables but equally important are the scales of
variability to be encountered. Matching the
spatio-temporal  resolution of the sampling
strategy to scales of variability of the parameter
or process of interest is a critical step. No single
Platform (mooring, drlftln(];_ buoy, survey vessel,
erry) can resolve all the Tikely spatio-temporal
scales of interest and as a result an integrated
observing strategy is likely to be required.
Current and future sampling strategies will be
described together with a description of
environmental variables that may be measured
using readily available automated sensors and
samplers. Future measurement needs will be
identified in terms of platforms and new
measurement requirements and the possible
candidates to meet those needs.

Marine biological indicators: EEA's data
needs and assessments

Anita Kiinitzer
European Environmental Agency
Kopenhagen, Denmark

EEA’s work in general on data collection,
indicator development and reporting and the
networking within EIONET is presented.
Activities of the ETC/MCE and EEA on marine
data collection from Member States and Marine
Conventions, the deveIoEment of marine
indicators, the development of thematic maps
and GIS, the Inter-regional Forum with Marine
Conventions and marine assessments are shown.
Finally, the future aims and activities of EEA on
marine data flow, the Water-Framework
Directive, EEA-reporting and the harmonisation

with similar activities of Marine Conventions
are outlined.

Coastal users' data requirements
(aquaculture and small-scale fisheries)

Harald Rosenthal .
Abteilung  Fischereibiologie,  Institut  fur
Meereskunde an der Universitat Kiel, Germany

Aquaculture has ?rown over the 8ast 3 decades
from ahout 5 million tonnes in 1973 to over 36
million tonnes in 1998. It includes seaweed,
shellfish, crustacean, and finfish culture and
utilises a variety of culture systems (e.g. onshore
tank and pond facilities, inter-tidal and
submerged units, offshore floating or submerged
structures). Aquaculture depends on go_od water
quality and suffers from domestic and industrial
pollution in many parts of the world.

All' aquaculture systems require continuous
monitoring for farm management and for
environmental management. In addition, a full
gear monitoring of water quality, climate, and
_|0I0ﬁ_|cal conditions is needed prior to
installing an aquaculture operation. Important
variables are:

* currents, L

* extreme weather conditions _

* cold spells early warnings (e.g. super-cooling
effects in northern climates

* temperatures and salinity changes _

* 0il Spills and their near-shore drift to predict
which  farming units may be affected
(shellfish and fmfish farming) and to initiate
timely rescue measures. Usually a 10 hr
warning time should be sufficient for most
floating structures (e.g. modem single-
anchored cages) or pre-harvest stocks (cages,
raft-cultures, etc) o

* algal bloom war_nm%,s and predictions on
their  drift  direction and  temporal
development. This would greatly assist
shellfish and finfish farms to secure their
operation by either lowering the cages on
long-lines below the bloom layer, “or b
stoPBmg fish feeding 10 hours prior to the
full-ploom  development  (to  reduce

respiratory requirements of “fish during

bloom exposure when gills are temporarily

damaged).

Such monitoring programmes could - to some
extent - incorporate the farms themselves which
would enhance the cost-efficiency of trend



monltorlnF. Farmers are on the spot every day
and could provide a variety of regular
measurements. In return, they would receive
essential information about relevant parameters
which influence their long-term management
and investment decisions.

The escape of farmed fish into the wilderness is
a common problem in finfish culture (e.0.
salmon) and is regarded as an environmental
threat as cultured fish can interbreed with wild
con-specifics and thus deplete the genetic fitness
of natural populations. Tight control measures
are necessary to prevent escapes or to recover
escaped fish. Modem tracking methodologies
(electronic tagging) can help in this context and
may also offer new opportunities in
understanding  the  factors influencing
recruitment In straddling stocks while at the
same time u!dlng fisheries scientists and
mtanagers to design better sampling strategies on
site.

Modem shipping can cause ﬁroblems to
fisheries and ~aquaculture through the
transmission of harmful exotic species via
ballast water and hull fouling. This has already
led to changes of species diversity along many
coasts with dramatic consequences to aguatic
resource users and to human health. About 80%
of the world's cargo is transported by ships.
Table 1 clearly indicates that most of the
important ship types carry a substantial amount
of hallast water while at sea and most of it is
released inshore. Estimates suggest that at
present the total volume of ballast water reaches
a volume of 10 to 12 billion tonnes a year while
more_than 3000 sRemes are in intercontinental
transit daily. Offshore ballast water exchange
(which is thought to reduce species survival
rate) is considered to be a possible solution but
It requires monitoring (remote sensing) and
forecastm% of algal bloom events (inshore and
offshore) to prevent the uptake of biologically
“contaminated” water.

Finally, the number of coastal resource users is
increasing world-wide. These users go far
beyond fisheries and aquaculture. While these
are in need of specific information about the sea
and seashores, they may also be considered
possible  partners ~ in ‘modem inter-linked
monitoring systems that finally are integrated

into larger expert systems for Integrated Coastal
Zone Management Strategies.

Vessel type Ballast volume
ULCC > 300,000t 30%
VLCC > 200,000t 30%
Suezmax Tankers (120,000-200,000 t) 30%
Aframax Tankers (80,000 - 120,000 t) 30%
Older and/or smaller tankers 20%
Chemical tankers 20%
LNG/LPG tankers 25-30%
0BO's and Ore/Qil tankers 30%
Northsea Shuttletankers (60,000-120,000 t) 40-50 %
Balk carriers Capesize 20%
Bulk carrier Panamax (60 - 80,000 t) 20%
Bulk carriers Handysize (20 - 60,000 t) 20%
General Cargo 10-15 %
RoRo's 20-25 %
Vehicle carriers 20-25 %
LASH vessels 30%
Containervessels 10-25%
Post Panamax container vessels 30-35 %

O R

Data requirements for living resources
management

Keith Brander
ICES
Kopenhagen, Denmark

The type and quality of data required for
management of living resources depends very
much on the trpe of management which is beln%
used and on the objectives of the managemen
system. Within the 1CES area the main form of
management is by annual limits on the total
allowable catch (TAC) for many commercial
fish species. This requires information from the
fishery, but also increasingly from other
sources, particularly research vessel surveys.
The principal kinds of information from these
sources have been described in previous GOOS
reports. The duration of stock assessment time
series for ten fish species in ten areas is shown
in Table 2. As the objectives of fisheries
management are widened to include other
components of the marine ecosystem, so the
data requirements will change. It is also likely
that information about the marine environment
will be used to an increasing extent in the
assessment of fish populations.



AREA cod

halibut
Celtic Sea 1988
E Eng Channel
Faroe 1961 1961
Iberia 1982
[celand 1955
[rish Sea 1968
Kattegat 19711
NE Arctic 1946 1970 1950
North Sea 1963 1963
W Scotland 1966 1965

G land haddock  hake

herring scad plaice saithe sole  whiting

1977 1971 1982
1980 1982
1961
1985
1962
1972 1964 1970 1980
1987 1984
1960
1960 1957 1967 1957 1960
1976 1972 1965

Table 2. Earliestyearfor which stock assessment (output) data are available

2.2 Session synthesis

Biological data requirements do not stop at the
observation of single parameters but rely on the
understanding of "hio-ecological Processes as
well as the matching of temPora_ and spatial
sampling scales to the scales of variability in the
parameter or process of interest. Workshop
ﬁartlmpants voiced concern over the relatively
igh costs of biological monitoring at finer
spatio-temporal ~ scales  requiring  high
resolutions. The high economic value of coastal
ecosystems, however, might help to justify
monitoring expenses. They also felt the need for
a common definition of biological or ecological
indicators to avoid the vagueness of the term
“water quality" that varies with different
agencies.

A significant task in environmental assessment
will "be the improvement of existing and
development of new impact indicators.
Customary indicators usually do not convey
much about the actual effect that chemical
pollutants have on biological components in a
particular ecosystem. Indicators are of %reat
value to environmental assessment as they allow
a rough judgement on the state of an
environment by serving as a kind of filter for
very complex interactions. As the processes
influencing an indicator, however, are mostly
Foorl understood, the sole use of indicators can
ead fo an oversimplified and dangerously false
view of the actual events. Participants therefore
recommended that indicators should he
supplemented by raw data. For environmental
assessment, one of the difficulties encountered
by the European Environmental Agency (EI_EA]
appears to be the poor reporting of biologica
parameters by many coastal European countries

(in contrast to chemical parameters). Also, the
Euallty of data reported is not even throughout

urope resulting in questionable indicators for
many regions. EuroGOOS might be able to
incorporate  some of the most important
biological and chemical coastal variables in co-
operation with EEA to improve this situation
(@n existing example for the operational
monitoring of biological and chemical data is
the Ferrybox programme in the Baltic Sea).

Aquaculture is among the major coastal
resource exploitation businesses in - some
European countries and its importance is rising
rapidly. Fish farms essentially need short-term
(24 hours) warning of hazardous conditions,
such as oxygen depletion, high waves,
extremely low surface temperature, toxic algal
blooms, “and oil spills, in order to take
appropriate measures to save their animals. A
well-known problem of aquaculture is the
escape of farmed or?amsms into the wilderness
that can result in a loss of biodiversity in wild
stocks and which must therefore be monitored
somehow. Abundant food supply to cage farms
also attracts wild fish, a fact that can be used by
scientists i stock  assessment.  Another
important user group of coastal seas is the
shl?pmg industry. Through the discharge of
ballast water (an estimated total of 12 billion
tons per year), huge amounts of sediment and
exotic species from far-away places are released
to coastal environments, which, for example,
can cause toxic algal blooms to develop or new
species to be introduced. Control of this requires
monlttorlng and forecasting of algal bloom
events.

Fish stock assessment has a Ion?_ history with
operational scientific data collections reaching
back half a century in ICES (see Table 2). Due



to the cost, the frequency and resolution of
survey s_am‘olmg for fish stock assessment is
low, typically 6-12 months intervals and a ([zr_ld
interval of about 70 km. In order to maintain
continuity, the type of data sampled today has
not changed since the 1960s and the models
used are still based on single species allowing
for no or only little interaction with the
environment. It is widely felt among the fish
stock assessment community that this s
inadequate and should change,

An ecosystem approach would require new
types of data to be integrated into fish stock
assessment under the conditions that éa) the data
acquisition in terms of time and costs is
operationally feasible, (b) their effects on fish
stocks are scientifically credible, and (c) these
effects are significant enough. (Such parameters
Lwhether expressed as states or rates] are still to
e determined and the models Imkm? them to
fish stock development to be created). It was felt
by workshop participants that fish stock
assessment could benefit from good estimates of
Frlmary productivity and its variability. (As
arge-scale variability of Frlmary production is
determined by its small-scale variability, it
would be sensible to start with small-scale
assessment.) Fish stocks are generally not
influenced In a linear way by environmental
variables and are often event-driven, which has
to be taken into account for modelling.
Predictions ~ of  extreme  environmental
conditions, e.g. low phytoplankton abundance,
and very low or high temperatures or lack of
oxygen, might be helpful ‘in this context; the
high short-term variability of most such
conditions require a careful sampling design
with a high temporal resolution. Operational
oceanography has concentrated on the
observation of surface variables whereas many
commercially important fish  species are
demersal, therefore more complete inclusion of
bottom variables (e.g. bottom oxygen in the
Baltic Sea) into operational oceanography might
prove beneficial for the assessment of benthic
species.

The impression gained from the EuroGOOS
data requirement survey was that at present only
specific user groups (especially from the
research, food and environment sectors) actually
request bio-ecological data products, and that
these tend to concentrate on a few, mainly

phytoplankton-related variables (e.g. primary
productivity, nutrients, etc.g. This result was
probably partly influenced by the emphasis of
the survey on physical variables and by the
present difficulties and high costs involved in
operational monitoring of biochemical and
biological variables which might have prevented
many respondents to request such ﬁro ucts. The
workshop, however, made clear that a number
of important applications have very specific and
varying bio-ecological data requirements. A
survey that is specifically directed at users of
biological operational oceanographic products
could assess those needs in more detail. In
addition, scientists might be able to help users
identify needs that they themselves are not able
to see. At present, the following bio-ecological
data products (forecasts and analysed data%J are
%folgéerest to existing and potential users of

¢ Nutrients » Oxygen (profile, bottom)

¢ Chlorophyll, Phytoplankton
» Toxic substances, oil slick
* Wave height

e Temperature (max/min) ¢ Background physics

« Suspended sediments
¢ Eutrophication
« Harmful algal blooms

« Exotic species

Workshop participants also expressed the
necessity for better contact with users of
biological operational oceanographic data
products  an esEemaI(ij the education of
potential users. EU directives could helﬁ
national governments to become users of suc
products in order to improve human health,
environmental  protection, aquaculture, and
fisheries management.

The usefulness of involving stakeholders in the
data collection as demonstrated by ferrybox
projects (see below) was greatly appreciated by
workshop participants and it was suggested
more than once that users should be approached
and asked to contribute to the operational
sampling of biological, chemical and geological
data. Sectors mentioned explicitly in this
context included the aquaculture industry that
could contribute towards water quality
assessment in coastal zones and the shipping
industry that already contributes to measuring
relevant  plankton ~ parameters  (ferry —box
projects, see below) and could perhaps also be
Involved in ballast water monitoring. ~ Other
possible sectors that could have an Interest in
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operational oceanography are the fishing (nation /local)
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25-31 July 1994
Variability in chloiophyll
concentrations as measured
quasi-oontinuous”™ on
GTS Finnjet at adepth of 5 m.

GTS Finnjet route

FIMR/IML

Figure 3. Productfrom Finnish Alg@line system, available on the internet: http://meri.fimr.fi
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3 Sampling and Assessment of
Aquatic Communities and Processes

3.1 Summaries of presentations

Nutrients assessment and applications

David Hydes
Southampton Oceanography Centre
Southampton, United Kingdom

Measurements of concentrations of nutrient
have two functions in a GOOS context. One is
in determining the concentrations of nutrients
that are immediately available to support
primary production in"a given area, the other is
to provide information that can be used to help
understand the short and long range transport
and blo?eoch.emlcal processes that control the
supply ot nutrients throughout the year. A range
of autonomous analysers are now available that
have successfully transferred wet chemical
methods from the laboratory to remote sampling
stations and moored data buoys. ~The
development of systems for use on ships of
opportunity presents a new challenge, both from
the point of view of obtaining data of sufficient
resolution but of also meeting the safety aspects
of their operation. The requirements for such
systems will be discussed as well as some of the
potential ways forward. ~ Examples will be
presented of how nutrient data may be combined
within in a current “FerryBox” study of plankton
dynamics on the South Coast of the UK, and
how nutrient measurements may be useful on a
wider scale.

'‘FastTracka' - Fast Repetition Rate
Fluorimetry

John Attrid%e & John Atkins
Chelsea Instruments Ltd.
West Molesey, United Kingdom

Fast Repetition Rate Fluorimetry (FRRF) is an
extension of conventional _fluorimetry that
allows ~ the  photosynthetic  activity  of
?hytoplankton to be measured in both sea and
resh water environments. In this talk the
principle behind FRRF will be described in
more detail and illustrated by its implementation
in Chelsea Instruments ‘FastTracka’ fluorimeter.

A conventional chlorophyll fluorimeter will
simply indicate the concentration of fluorophore
in the sample. This can arise from chlorophyll in
living phytoplankton, chlorophyll released from

Figure 4. Fast Tracka. Fast repetition rate
fluorimeter. Chelsea Instruments.

dead micro-organisms and other compounds that
fluoresce at the measurement wavelengths. Usin
FRRF it is possible to discriminate a time depend-
ent fluorescence signal arising from chlorophyll
actively participating in photosynthesis from a dc
background signal from non-active compounds.

The measurement is achieved by firing a rapid
sequence of low energy flashes into the sample.
Energy absorbed by a ghotosynthetlc light-
harvesting complex will Dbe transferred to a
photosynthetic reaction centre to initiate a cycle of
photosynthesis. While this happens the reaction
centre is ‘closed’ and cannot receive any more
energy and any excess will be dissipated as heat or
fluorescence. ~ Therefore, —an  increase in
fluorescence mgnal will be recorded with each
subsequent flash until all the reaction centres are
closed and the signal stabilises to a maximum
value. This ‘saturated’ fluorescent signal is all that
a conventional fluorimeter will record. Analysis of
the FRRF response enables the following
parameters to be determined that cannot be
obtained by conventional methods:

»  photochemical quantum efficiency;

» efficiency of light harvesting; . .

»  concentration of active photosynthetic reaction
centres; _

* proportion of reaction centres closed due to
ambient light;

» time constants associated with electron transfer
within the photosynthesis mechanism.



Investigating these parameters we are finding
applications that include the study of primary
production, carbon fixation in the oceans and
early algae bloom detection.

Rationale and requirements for global
ocean observing of in situ optical
properties

Jim Aiken
Marine Laboratory
Plymouth, United Kingdom

Biological production drives all the processes in
the oceans that relate to natural resources,
fisheries and the air-sea exchange of C02 and
other biogenic gases, which are implicated in the
natural and anthropogenically-forced green-
house effect and climate change. Ocean colour
Is the water leaving radiance ?Lw or the light
reflected (R) from the water after selective
scattering by particles and absorption by
dissolved compounds and particles (prmmﬁally
phytoplankton and  their  photosyntnetic
pigments) at visible wavelengths (400-700 nm).
Reflectance (R,?.g_ relates to the ratio of the
back-scatter coefficient (bb,X) and absorption
coefficient (a, X) for all the constituents.

Phytoplankton pigments (principally chloro-
phylls and carotenoids) absorb phatons at visible
wavelengths ~ which - are 'used in the
photosynthetic process, Conceptually, there
exists a functional relationship between optical
properties and the bio-optical signatures of sea
water and phytoplankton production. Coupling
large-area satellite remotely sensed observations
of ocean properties (Colour, temperature,
currents etc) with measurements of process rates
and parameter values can provide data to model
and predict the effects of pelaﬂlc production on
the ‘global biosphere and the responses of
oceanic ecosystems to climate change.

Both optical properties and photosynthetic
parameter values will var% seasonally and across
ocean hasins and the shelf  seas, so
measurements must cover the full range of bio-
optical provinces. Measurements are needed of
ogtlcal properties, water constituents and
photosynthetic parameters.

|OPs: scattering (b, X), back-scatter coefficient
(bb,") and absorption coefficient (a, X) of
phytoplankton and particles.

AOPs: Reflectance (R/A), the water leaving
radiance LwéX?, the downwelling irradiance
Ed#A), the Solar Irradiance Es(XR, and the
diffuse attenuation coefficients Kd,u(X).

Water constituents: concentrations of phgto-
plankton plgments, articles (inorganic and bio-
genic) and dissolved organic compounds (DOC,
yellow substances or gelbstoff).

Photosynthetic parameters: Pmax, Ik, a, aps2,
Erg{dRE )Xfrom the fast repetition rate fluorometer,

Remote sensing of primary production
variables in coastal waters

Roland Dogrffer _

GKSS  Forschungszentrum,  Institute  of
Hydrothsms
Geesthacht, Germany

The generation of advanced earth observation
satellites, which have been launched recently
(NASA's TERRA) or will be launched in the
near future (ESA's ENVISAT) provides the
potential for remote measurements of
variables, which are of importance to estimate
the primary production of coastal waters. Using
imaging _spectrometers such as MERIS on
ENVISAT it will be possible to map the
concentrations of phytoplankton chlorophyll and
of susgended matter, which is the main-factor
for light attenuation in coastal waters e.g. of the
North Sea. Further variables which are of
interest for determ[mng PP and which can be
derived from satellite data are the sea surface
temperature,  diurnal time series of the
attenuation of PAR by clouds and an estimate of
the stratification or vertical mixing using wind /
wave data. However, critical is the knowledge
of the parameters describing the Production
versus PAR (PI) curve. The presentation will
discuss a scenario how all these variables can be
measured in the future and can be combined by
simple models to produce time series maps of
primary production of coastal waters.



Ten years of operational monitoring of
phytoplankton blooms and
eutrophication in the Baltic Sea -
experiences using ship-of-opportunity
technique, satellite imagery and
ecological models

Juha-Markku Lepp ?nen & Mikko Kiirikki
Finnish Institute of Marine Research / Finnish
Enyironment Ins&rtute
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Figure 5. Concept ofthe Operational
Monitoring Systemfor the GulfofFinland
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Figure 6. Left: annual variation in the summer
concentrations ofchlorophylla (mgm 3 in the
GulfofFinland. Right: e%ronal variation in the
spring concentrations ofchlorophylla (mgm3
in the Baltic Sea%l Travemiinde, 2=
MecklenburgBrP t 3= Arkona Sea, 4=
Western Bornholm Sea, 5= Northern Bornholm
Sea, 6= Western Gotland Sea , /= Eastern
Gotland Sea, 8= Northern Baltic Proper and 9=
Western GulfofFinland)
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Figure 7. Annual variation in the abundance of
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GulfofFinland

Persistence and variability of
phytoplankton assemblages.
Implrcatrons for monitoring

Marta 3
Instrttit e Clencies del Mar. CSIC.
Barcelona, Spain
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Benthos Sampling in European Waters

Heve Rumohr
Inst/(tué fur Meereskunde an der Universitat Kiel
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Status quo of fish monitoring and
assessment

Norbert Roplf
Institut fur eeref(u
University of Kief, Germany
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The Ichthyoplankton Recorder - a video recording system for in-situ
studies on small scale plankton distribution patterns

The Ichthyo Iankton recorder IS a towed underwater vrdeo recording sy tem nd can be o rated a
ﬁpeeds 0§ Al rﬁ a/r Sensit |ve vrdeos stem %rated ?rto f‘ eco end of 3 G g

Speed z00 |an?<t D probe or ow and light attenuatrn [e
at?a ét? hepsam ?er Thg system |s es Igned to detec ?t?r%/ thelr f oog rg 0rganisms an thelr
pre ators rn the srﬁe ran efrom 210 on smaI nworal and spatial scales and operates, wit
conventional oP er JJ r¥ vices, T evr eo rn ormation as well as the enyl rinmen é transferre
vraasrngle nductor cable to a S-VHS recorder and to a PC, respectively, on board of the researc
vessel.

Figure 8 Ichthi/oplankton recorderfrom the Institutfur Meereskkunde University ofKiel Germany,
courtesy Norbert Rohlf
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Long-term Monitoring and
Ecosystem Health

4.1 Summaries of presentations

Ecosystem health within the framework
of operational oceanography, Or: GOOS,
the Health of the Ocean (HOTO) and

Living Marine Resources (LMR) Modules

Franciscus Calijn
niversity of Kiel, Research and Technology
entre Westcoast
Bilsum, Germany
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oP sc&tssron 1S h“ldI bfetween bal ancr hgser
nee 5 and the sclent andt nrc tg
Two modules have een r
needs hCh are relevant or hrs wors
Health of the Ocean HOT %an Livin Man
Res urcef LMR). contn |ont
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The Continuous Plankton Recorder
(CPR) survey and climate change issues

PhrI C. Reid
| Ister Hardey Foundation for Ocean Sclence
Plymouth, United K |ng om
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Figure 9. Algae ofthe genus Chaetocera that canform harmful algal blooms.
Photosfrom Alg@line, Finland _
(http://meri.fimr.fi/Algaline/eng/EnAlgaline.nsf70penDatabase)


http://meri.fimr.fi/Algaline/eng/EnAlgaline.nsf70penDatabase
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Water Management and Ecosystem
health

Jannette van Buuren

National Institute for Coastal and Marine
Management/RIKZ

Den Haag, The Netherlands

The EuroGOOS/ICES Workshoi) on bro
eco P%cal obs rvapons IS committed to the
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Extraction of Information from Data Sets

Vladan Babovic
DHI Wfl ter & Environment
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5 Ecosystem Modelling

5.1 Summaries of presentations

Critical analysis of the status quo in
marine ecosystem modelling

Wolfgan Ebenhoh
Um [)sr at Qldenburg,
Oldennurg, Germany

Directjon %nd attit ude of marine ecosystem
odelling has Bh H”n(tl the |ast years
Thec an%e can e observed Inthree directions;

o tasks and ais,
» - methogs and fechniques,
» financing policies.

There seems to be a frend awan¥ from modeIIrng
whole 8008 dstems With t e amofan | tegrate
system Unclerstanding  (e.0. arge
oclels i e ERSEM). M Ny ecQs ?em models
? Lﬁresent cused  on partrc ar scenario
calculations,” often related” to_ co tal Z0ne
management. The re uctron of modelling to
limited aspects together with a stronger datri\
orjentation Js a Sign of rncreasrng ra%trca
relevance of ecosysiem mo eI? e reflects
tecur[]ent needs 0 resear r}g r%o hcrg
Throu 3‘her mod m mat ematrc

eural  netwi gr Jn are s,
uders fandl P an pre iction, become even
more decoupfed

In 1990 the most important task was to couPIe
complex t}}/ fal models .with comri ex
b|?I %rcal Thés task 1S more or ‘less
solye n incre

Unders andrnri rnteractron Fetveen aﬁysrcal
and biological processes.

In future the trend to eco stem models wi
prac Ical use as dS g ort for crsron makers Wi
cor| rnue at es anan wmeasu ement
tools wil mcrease IS trend. VA}RteY]ert eess
Bmpor tant open questions remain can best

i argtgnrrjaaa i

%e WN||| tgpe %rt[n con%afn aener | ﬁncréfgse%f
Xftem eavour g ol J% Im at
- i

(t ﬁtron and can from an

analysis of the present mod

Physical and numerical aspects of
integrated ecological 3-D modelling

Patrick J. Luyten
Man%%e ent Unit of the Mathematical Models

Erussels Belgium

An overview is given of the differen pheysrcal
rocesses and numerical asF swhrc ﬂ
e consrdered when coy nP |cs wr]

Eio els, The

lol og ef Imensi
Iscussion 1S Iljustrated  through a recent
exampeofayear srmn]atron[] North S ea
carrie three-gimensiona

COHERENS model.

Vertical exctlang DrOCesses ar] arameterised
ﬁ a turbulen IOfure scherme., Accurat
schemes  are es ential to re reseg m g
rocess rn St tr erm%cl ean ha oc
a)éers ere orop concen rat ro

often ose 0 srmuae e
resuspension  of  Inor anrc and  organic
Pa”t ulate matter in shallow areas vrnth rong

|0 regrme Drrect me iiurements of turqulenc

tur{t%
Qarame ers) rofiles o rs%gatron rates, pottom
Ntrer%ﬁ, Seetc ave recently been collected i the

vective processes are of | dn ortance in areas
of strong .concen raéron gradients and at Oé)e{]
sea and Tiver boundaries. Most recent models
use an.explicit time-In egrﬁtron which Im Pses
numerrca const[]arnt on't mum owe
rmF step and hence aIso on the num (
lological state varrables for the brolrigh/ to fimit
the amount of time term
Btn]ulatro[r Im Ircrt Integration f the
orca trans or equations removes the
% strant and’ 1S recommended
uture rn since the hiolo é) glrcal r escaes
[\e us x W magnitudes Targer than the
ysrca ONes.

ras ects are the sengrtrvr of odeI results
? HU 0T 0pen boun rg

rhzontal n]vert)ca resolution and o
eea exchange at the air/sea Interface.



Ecological modelling of the Adriatic Sea: reSO|FtI0n 3D mOdel el-U 3 One |men3|0na|

Coupling physics with biology SImU IOﬂS er% OFm fO the n0ﬂ em
- Adriatic Basin: t Wwas_implemented a
Mﬂgqgﬁ‘@m"' the ST ocations 0? e SRS rodec
stations SI and 3, h former
Bologna, laly o e%sedb stron rIVer-1ung nver%
An ecosystem mod%I has heen developed b condjtions whife the [atter has relatlvey ope
pline ¢ V\h) Ing of e Princeton. Ocean Mod Sea characteristics.
POMg European  Regional ~ Seas
cosystem Model (ERSEM) The modeI results h|gh||ght|ed the X]early

?/ten ankton cycle and”its relations wi

Eé’%hhaa f'”'h?eS' O, e e S ces%'es”%hae v .ar.hhéﬁa%%”hm'x'”
C|r ation mocel mah%nﬂ]u e of an em% go?umn More(iveg éhe com anson ety enth
ur uence clostre” sub-model. ERSEM |s e? N¥o stat |onsa QWe HIOH oft 1erole

8enenc |o ass pased  ecos ftem mod he ac ena In ¢ ntroI |n9 e carbon Tluxes
escriping . t % blo%eochemlc rocesses frophic web under different trophic
ocaurnng a}]r column an |n the condltlons

é %elr |n]tera%tlons In terms

e C aron

dﬁ gorus Nitrogen As mtermedlate step toward the 3D hlgD
and silicon wi h|n the marine ec system. resof\n |cat|?]n dg
t In gieomery

ution a%)
Im men n Wl
The  POM/ ERSE system  has been nf]p L gloae resu fS re five to
%emented In the Adriatic Sea N orde] ?Ao[%an on |s { U|on gﬁ
{uay Its ecosystem dygam jons hav sement with C§ clima |ca st Jte
carnled out by~ cev oplng [erent an ures of pigment distriou |on nt asin,
mcreasmgy complex (from ~ 1D 0 hig

flsegeb resolutlon
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Figure 10. Schematic diagram ofthe European Regional Seas Ecosystem Model (ERSEM)



Despite the coarse resolution and the idealised
geometry, the model is able to reﬂ_roduce and
maintain the north to south trophic gradient
characteristic of the Adriatic basin.

The  seasonal |ohyto lankton cycle in the
northern, central and southern "Adriatic sea
aﬂpears to be strongly influenced by both the
physical processes and the external, Tiverbome,
nutrient Input.

Finally, exPerlments with a high resolution
implementation show a more detailed temporal
and spatial variability of the biogeochemical
properties distributiori, further emphasising the
mportan_ce of the circulation featureS in
determining such variability. The dense water
formation process in the northern Adriatic Sea is
reproduced by the model and the resultm? water
mass shows " distinct properties also from a
biogeochemical point of view.

Benthic-Pelagic Coupling

Piet Ruardij o
NIOZ, Texel, Dep. Biological Oceanography
Den Burg, The Netherlands

This contribution deals with the question to
which detail benthic processes have to e
modelled in large coupled = hydrodynamic-
ecologlcal models.” This question” can only be
solved for an area if the impact of the benthic
system can be estimated on the functioning of
the coupled system of transpart processes and
Pelaggc Pr_ocesses. The most important role of
he Denthic system is the mineralization of
organic. matter and regeneration of nutrients.
This mineralization is mostly performed in the
upper 30 cm of the sediment’by the biota in the
benthic system: macrobenthos &dter feeders and
deposit feeders), meiobenthos and bacteria. The
benthic, system is fuelled by the sedimentation
of particulate detritus fromthe pelagic system.
The magnitude of the mineralization, together
with the bioirrigation and. bioturbation,” both
caused by biological activity in the henthos,
determings the “vertical gradients and _the
oXygenation state of the sediment.  This
0Xygenation state determines the thickness of
thé ‘oxidized layer depth, the é)ropornon of the
detritus that 1S mineralized under anoxic
circumstances and the denitrification in the
system, a definitive loss process of the nutrient
niitrogen.

For a benthic sub-model the most important aim
IS a proper estimation of the nutrient fluxes at
the sediment-water interface. We tried to build a
sub-model that is generic, fits into an ecosystem
model and is thus efficient with respect to
computer time. This led to a model structure in
which only functmnal_layrers (oxic, anoxic) are
distinguished but that includes all the important
oxic and anoxic mineralisation and dla%enetlc
Broce_sses. The first example will show that the
enthic system in the North Sea is responsible
for considerable mineralisation of the primary
Producu_on and that the regenerated nutrients in
he sediment are important for the pelagic
system. The second example will show that even
N a permanent stratified system the benthic
system plays its role with respect to the oxygen
concentration in the whole water column “and,
subsequently, that it controls the denitrification.

In the last part, validation of the benthic sub-
model will be discussed. The large local
variation of the benthic system, the  limited
number of field data due to work-intensive
measurement methods and the lack of flux data
in %eneral, especially for the carbon cycle of the
system, makes it difficult to perform a proper
validation of the model. Particularly the short-
term variations in_the benthic system, mainly
caused by changes in the sedimentation from the
elagic, “can not be validated until now.
owever, simplifying the model in order to fit
the limited number™ of available information
would lead to a model that needs extensive
recalibration for each specific area.

The influence of high frequency surface
forcing on productivity in the euphotic
layer

Marcello Vichi
EMC (VKI/DHI)
Horsholm, Denmark

This contribution deals with the question to
which extent short-term variability in the abiotic
environment cetermines seasonal as well as
longer-term  (interannual) variability of the
ecosystem qlrnamlcs. We hypothesise that Ion?-
term variability of ecosystem behaviour directly
evolves.  from  small-scale/high-frequency
variability. In order to make this distinction, we
have to Qo as far as possible in resolving the
smaller scale processes, and to demonstrate how
the system-level behaviour is affected by the



time-resolution of forcing functions/boundary
conditions. Results from a model study of two
different sub-basins of the Baltic proRer will be
shown, the Bornholm Basin and the Eastern
Gotland Basin, and the simulation results will be
compared with independent observations from
the Baltic Environmental Database. A one-
dimensional ph smal-ecolo%l]cal coupled model
has been used fo hindcast the behaviour of the
major physical and hydro-chemical 8ropert|es of
the water column over the period 1979-90. This
model shows sufficient potential skill to adapt to
long-term chan%mg ecosystem proRemes and to
respond to local peculiarities of the ecosystem
itself. Due to the implicit limitations of & one-
dimensional model and to the lack of long time
series of biologically relevant properties in the
regions of interest, we concentrated our
investigation on variables only indirectly related
to b|oIo%_|caI processes, Such. as “nutrient
concentrations and oxygen saturation.

The hypothesis _that Ion(t;-term ecosystem
behaviolr in the Baltic is determined by Small-
scale variability induced by local forcmgz
functions has been tested by agplymg diffgren

boundaqy conditions to the Bornholm Basin
model. The frequency of meteorological forcing
functions has been reduced and then applied as
new houndary conditions to the standard model.
Momentum and heat fluxes at sea surface have
been calculated from three-hourly measurements
and then averaged to daily and monthly valugs,
which have been linearfy interpolated to the
model time step. Comparison between the
obtained model results shows that reduced
forcing frequency changes the time evolution of
biological tluxes, generally reducing them to
lower levels. This can be shown by comparlng
the annual carbon gross assimilation calculate

by models with different set-ups. The annual
gross carbon production predicted by the model
using the 3-hourIK boundary conditions is higher
than the ones with the lower frequency, and also
interannual variability is enhanced.

This indicates that variability in the physical
environment at proper time scales increases the
biological activities in the model and that
estimate of the primary production is a direct
consequence of description of the dynamical

environment. We thus recommend that future
operational _model applications include the
hlgihest possible resolution of the surface forcing
fields and, as a next step, we consider necessary
the collection of biological observations at the
same frequencx to verify the model's capabilities
and to establish whether in situ vanablll%_m the
biogeochemical processes is indeed as high as
our model results suggest.

Coupling automated data acquisition
with modelling: An ongoing French case
study: the Bay of Seine (Channel)

Alain Menesguen

IFREMER/Centre de Brest, Coastal Ecology
Department

Plouzane, France

Between 1997 and 1999, IFREMER deployed a
set of four MAREL data buoys in a coastal
eutrophicated area along the French Channel
coast, the eastern Bay of Seine. First, a “wharf-
station” was installed on the shore of the Seine
estuary (in the turbidity maximum area) then
three “open sea-stations” were moored In the
coastal area receiving the dilution plume of the
river Seine where high phytoplankton biomasses
are known to occur durm? spring and summer.
Hou_r(ljy data series of femperature, salinity,
turbiclity, dissolved oxygen are available for
surface level in the “estuary station” and at three
depth levels in “open ‘sea-stations”, where
fluorimetric estimates of chlorophyll are also
sampled every six hours,

This system, built for a continuous monitoring
of water quality in a marine eutrophicated area,
can also provide decisive calibration/validation
data to a 3D ecologwal model of the whole
estuary and hay of Seine and help to improve
process formulation in the model. In return, the
model delivers some spatial interpolation and
extrapolation to the four automated data
acquisition systems.

Some examples will be %wen of how the buoy
data can be used to evaluate model adequacy
showing either good validation for some
variablés (estuarine. turbidity) or pointing out
some deficiencies in process formulation for
others (chlorophyll, oxygen).



5.2 Session synthesis

Ecosystem modelling has made great advances
in the last decades during which it progressed
from “naive™ mechanistic and process oriented
mode_llmq to data-driven approaches and
individual-based models. Large projects that
tried to model whole ecosystems have proven to
be of limited use (also dué to a lack of data) and
the trend today appears to go towards more
modest and perhaps more successful models of
limited aspects of ecosystems (e.g.. single
ecosystems components like commercial fish
Pro_ uction and processes, special events like
oxic algal blooms, etc). Durmr]q the last decade
coupling of complex physical and biological
models ~ has been largely accomplished,
establishing, for example, the”prominent role of
turbulence “for phytoplankton production and
distribution. Future ecosystem models will tend
to focus on specific applications, i.e. they will
be designed to solve management problems and
economic questions, they will be data oriented
and have a user-friendly’interface. In addition
the understanding of aggregate (“holistic™)
properties of ecosystem could lead to a new
?enera_tlon of ecosystem models that are closer
0 reality than those available at present. Flnallr
the devélopment of “integrative” models could
combine natural processes with socio-economic
ones and thus predict the consequences of
technological ~ “innovations and  other
?ntr}ropogemc impacts on an all-encompassing
evel,

A number of ecosystem models are alread
ogeratlng in Europe, among them COHEREN
&Oupled Hﬁdrodynamlcal cological model for
EgioNal Shelf seag and the POM (Princeton
Océan Model) / ERSEM (European’ Regional
Seas Ecosystem Model) system. COHERENS is
used for the Rredwtmn and monltormg of waste
material in shelf and coastal seas and is freel
available on the Internet (through the MUM
homepage). It is coupled to “biological, re-
suspension and confaminant models, and
resolves meso-scale to seasonal scale processes.
The combination of POM and ERSEM was
successful in simulating ecosystem dynamics in
the Mediterranean and could reproduce seasonal
Brgltop]ankton distribution in the whole basin.
M'is a three-dimensional ocean circulation
model whereas ERSEM is a generic biomass-

based ecosystem model that describes the
biogeochemical processes occurring in the water
coléjrsn_sw and in the sediment (Cycles of C, P, N,
and Si),

Benthic-pelagic coupling as part of ecosystem
modelling was discussed at some depth. The
sub-model presented to the workshop aimed at
correctly estimating nutrient fluxes at the
sediment-water interface. Among other things,
the model shows the great extent to which the
benthic system in the North Sea is involved in
primary “productivity by mineralisation of
or%a_mc matter and subsequent réintroduction of
nutrients into the aquatic system. Validation of
the described model, however, has ?roven to be
difficult due to a lack of field data, a typical
problem when it comes to biochemical variables
requiring difficult and costly measurements.
Slm?llflcatwn of the model “is not a viable
solution as it would then need laborious re-
calibration for each specific area. Therefore, a
need for additional data, especially flux data for
the aquatic carbon cycle, to ‘help validate
ecosystem models must be noted.

Spatio-temporal  scales of observations can
generate quite different results as was shown in
a simulation exercise for the Baltic Sea. Low-
frequency measurements of surface forcing
fields generated a smaller estimate of gross
carbon” production  than  high-frequency
measurements. This result has Yet_ to be verified
by field data of similar resolution (3 hourly{
measurements) but su?gests that bio-ecologica
variables might have {0 be sampled at a much
higher spatio-temporal resolution than generally
done at present. In this context, the four
experimental buoys in the Channel area of
France, are of interest as they are alread){
delivering high-resolution © . tempora
measurements  (hourly) ~ of blo-ecologmal
variables at different depth levels (temperature,
salinity, turbidity, oxygen, and chlorophyll).
These data are not only used for the monltonng
of water quality but also help calibrating an
validating a 3-D ecological model of the whole
estuary. This model can at present describe
turbidiity patterns with (io_od results but is not yet
apt to satisfactorily explain temporal chlorophyll
and oxygzen fluctuations (not_domgl too had with
regard 10 spatial distribution, though). The
French data could (agam?, show that many bio-
ecological processes are linked to the tides and



that wind effects can reach down to the bottom
of the water column influencing sediment
PrOCESSES.

The ability to address long-term ecosystem
evolution as a response to climate change is
presently being developed b){ global or basin-
wide models (for example " by GODAE,
CLIVAR, MERCATOR and others). However,
the short-term nature of many local bio-
ecological ~ processes  complicates  their
projections into the far future. Workshop
participants therefore recommended to carefully
assess user requirements as to the type of big-
ecological products and to forecast” periods in

order to avoid unnecessary development costs.
In addition, the demands of operational models
should be used to determine monitoring strategy
le. type of variables and s_aﬂo-tempo_ral
resolution of measurements. High-resolution
variables are ur?entlk/) needed to validate and
calibrate  models but a lower-resolution
monitoring might be found sufficient once this
process is finished. Finally, better co-operation
In sharing data and validation of models among
modellers from different institutions and regions
was viewed necessary in order to accelerate the
development of bio-ecological ~operational
models that could become shared components of
a European Ocean Observing System.



mecommendations

These recommendations were formulated in sub-groups after the workshop sessions and discussed during
a plenary session. They are supplemented by suggestions voiced during workshop sessions. Please note
that the “recommendations do not have the ‘same titles as the workshop sessions, because some more
detailed topics emerged.

1. User involvement

User involvement in the sampling strategy is of great value and must be given high priority. Users of bio-
ecological operational oceanographic products identified by workshop participants are: the scientific
community, environmental and public health agencies, coastal managers and decision makers, the public
in general; fisheries and aquaculture business, shipping and tourist industry, and the navy. The following
recommendations to improve the interaction with users were made:

a. EuroGOOS should initiate an additional user re(%uirement survey directed at customers of biological
oper_a%tlo_nal products and assess their specific data needs and possible contributions to sampling and
monitoring.

b. An improvement of interaction between marine scientists/operational agencies and politicians/public
can be achieved through the foIIowm%steps: o _ _ o
» Elaboration of a summary report that includes all marine bio-ecological variables and indicators
su%gested for operational use by groups of scientists should be made available for discussion with
end users by GOOS, EuroGOOS and ICES o _
* Education of users of b|o-ecqlofq|cal_ products as well as Pohtmlans and the public in general is
important to help with strategic funding and the creation of useful and popular products. Scientists
could play a crucial role in‘this process and help identify present and future needs of different
applications in view of new technologies and products _ _
* Public awareness of bio-ecological marine topics could be enhanced by an improved presence in
the Internet of agencies and programmes _ _
* EuroGOOS, ICES, and international conventions (OSPAR, HELCOM,) should influence national
grovernments and agencies towards greater acceptance of co-ordinated international monitoring,
his includes preparation of material (possibly from JJFOJGC'[S such as Ferrybox and SeaFlux
showing the value of an apFroach that uses harmonised measurements throughout a region. This
task is so_important and" labour intensive that an EU Frolect initiated and/or supported by
EuroGOOS, ICES, and EEA appears to be a good way to solve it _
* EU directives could help turn national agencies into users of EuroGOOS products to improve
environmental protection, human health, and resource management.

¢. Contribution of stakeholders to sampling and monitoring could reduge costs and improve acceptance
of operational oceanography. Many industries are collecting their own data due to a lack of
oceanographic products and could greatly benefit from a co-ordinated system. Possible candidates
mentioned are the shlpﬁmg_mdustrK (that is already contributing in ferrybox projects), fish and
mussel farmers, port autnorities, offshore industry, etc.



2. Biological Monitoring Technology

The main developments necessary to make biological monitoring technology fit for operational sampling,
were viewed as follows:

a. Bio-sensors must be |mf)roved and new types developed: _ _ _ _
» New medical technology should be reqularly scrutinised for its potential usefulness in operational
oceanography _
» The development of acoustic assessment of zooplankton should be completed
» Development of visual sensors for ichthyoplankton (see below)
» Development of autonomous benthic sampling systems including optical imaging

b. Standardisation of the most common methods is desirable for data merging and quality control

C. P-l time series are needed for the calibration of remote sensing images in order to use them for
primary productivity assessment

3.  Fish Stock Assessment

Ecosystem considerations in fish stock assessment will be more important in the future and will require a
new type of data in fish stock assessment. In this context, participants recommended:

a. Multiply scientific efforts to_identify ecological variables and models that can be shown to have a
significant effect on fish distribution and abundance. Re-evaluate the significance of primary
Productlw for different fish species in view of improved PP assessment methods. Also, consider
he use of bottom variables instead of surface variables. Extreme physical or chemical conditions
(e.0. h|gh and low temperature, oxygen deficiency, etc) that can cause mass mortality or illness,
should be taken into account.

b. Once these ecosystem variables have been established (incluging ichthyoplankton, see next
recom_mendatlorgJ EuroGOOS and ICES should co-operate to determine & monitoring strategy,
especially r_egiar_m? spatio-temporal resolution and precision. As extreme events can have a distinct
effect on biological organisms even at very short periods of duration, high temporal resolution of
certain measurements might be necessary.

¢. Spawning areas of commercial and non-commercial fish species should be regularly monitored by

fisheries “agencies. This, however, requires an improvement of our understanding of spawnin

patterns and environmental requirements in different fish species as well as the development o

autonomous technology. It was therefore recommended to: _ o

* Initiate a comprehensive 3-year ichthyoplankton survey (EU project to be initiated and supported
by EuroGOQS and ICES) in E_uroPean_ eas. Perform spot checks every decade (ICES)

» Develop oPtlcaI Instrumentation that is already used in ichthyoplankton monitoring to reach an
operational state

d. Non-commercial fish species should be given more attention by fisheries agencies than at present
e. Routine tracing of fish routes via radio tags should be given consideration

4.  Sampling Strategy

a. It is, highly recommended to adopt an integrated sampling strategy that co-ordinates different
monitoring types and schemes (e.g. in-situ, remote sensing and crwses¥ whenever possible. Such an
approach requires intercalibration” of related data and relies on the standardisation of methods and
minimum quality requirements.

b. Operational bio-ecological models should be used as a starting point to determine the type of
variables monitored and the spatio-temporal resolution of measurements.



¢. The monitoring of many biological and chemical variables is time consuming and costly. Frequency
and accuracy of such measurements will have to be carefully balanced against user requirements. To
overcome some of these problems, it was suggested that we Should:
» Create error models specifically for such variables
» Adopt a responsive sampling strateqy, i.e. increase the frequency and/or accuracy of measurements
when other data suggest a change in the ecosystem that might effect the variable of interest

d. For many variables, the optimum ratio between accuracy and_sPatio-temporaI sampling resolution
can be ?amed by extracting the necessary information from existing databases. More use should be
made of this approach

e. Better use should be made of the high-frequenc¥ monitoring potential of smart moorings or ferry box
programmes in order to improve model (forecast) precision

5.  Impact Indicators and Pollution

Impact indicators are crucial for coastal monitoring of pollution and eutrophication but are at present still
lacking the required chuallty. An internationally co-ordinated, optimised, and standardised monitoring of
inputs (from rivers, the atmosphere, and adjacent seas) and effects (on organisms and ecosystems) of
chemical compounds (natural and xenob|ot|c{ to the marine environment is therefore of great importance.
Specifically, workshop participants recommended:

a. A common definition of important hiological or ecological indicators is necessary in order to
standardise and harmonise assessment in different areas

b. The development of new and improvement of existing indicators should be encouraged
¢. For the time being, impact indicators should be supplemented by raw data

d. Progress should be made in revealing local transport patterns of contaminants in the water and the
sediment for all European areas (OSPAR, EuroGOOS, 1CES, EEA)

e. EuroGOOS and EEA should join_forces and co-operate with other organisations (mainly OSPAR,
Flelsinki and Barcelona Conventions) to determine the types and spatio-temporal distribution of
measurements (indicators) that could be integrated in a European Ocean Observing System

6. Long-term Databases

Workshop participants emphasised the necessity of supporting existing efforts of building long-term
databases and of harmonising existing momtonn% operations. In addition, data must be ‘stored and
preserved for future comparison. Finally, methods that can be used to extract the useful information from
databases must advance. Specifically, participants recommended:

a. Start long-term bio-ecological databases in hitherto neglected areas, especially Mediterranean and
Black Sea areas with the help of MedGOOS

b. Systematic collection of biological data should be performed by national and international agencies
and not left to research institutes

¢. Facilitate data access by _ -
» Using networks to improve and combine data sets from existing centres _
» Promoting the integration of moclem user interfaces to important international databases that
enable easy extraction and input of data.

d. DeveIoP more and new methods of extracting data from large databases. Establish a “Data analysis
and data mmmg" software repository (on the server of the Danish Hydraulic Institute under the

responsibility of Vladan Babovic)



e. Ensure that existing archives of biological material held bY' institutes and museums are appropriately
curaéed Iand (rjnamtamed as potential sources for retrospective study in the future as new techniques
are developed.

f. Ensure the continuation of the CPR, also in view of hindcasting changes in benthic communities
through the variance patterns of meroplankton (Echinoderm Iarvae()]

7. Data Analysis

Data analysis must be improved and extended. Workshop participants thus recommended

a. Establishment of (virtual) centres for data analyses which tasks it would be to assist with:
» Education and training
» Taxonomic identification
* Modelling

b. Establishment of quality criteria for parameters, analytical and statistical methods, processes, and
model results. This should be done in co-operation by international programmes and agencies, e.g.
ICES, EuroGOOS, EEA etc.

8.  Modelling requirements

a. Different transport and ecosystem models should be compared with each other and standardised
before using them on an opérational basis. They could be tested using data from projects such as
Ferrybox and SeaFlux

b. The efforts of EuroGOOS in bringing together European modelling expertise are greatly ai)preuated
and the importance of a continuation and broadening of the co-operation among madellers from
different institutions and regions must be emPhasmed. Development of shared bio-ecological
operational models that could become components of a European Ocean Observing System is only
possible through the sharing of data and joint validation of models

¢. High-frequency data are needed for the validation and calibration of ecosystem models, a few of
which have been identified by workshop participants:
* Flux data for the aquatic carbon cycle
* Chlorophyll
+ Oxygen
* Turhidity
* Nutrients

d. The development of new ecosystem models should be based on identified user requirements, e.g. in
consultation with EuroGOOS and using EuroGOOS and GOOS documentation

e. Nesting of models on different scales (mega - micro) is encouraged

f. Benthic processes and benthic-pelagic interaction deserves further efforts in understanding
ecosystem dynamics and modelling



9. Products

Workshop participants identified a number of loroducts from bio-ecolo?igal monitoring, some of which
aIre_adY result from existing models. Others will have to be developed. Initiation and sup_Port of research
p_rOJeis to develop such products is seen as a task of EuroGOOS. In addition, it was felt that
vistialisation of dlata analyses and moceel results should be given more importance to ensure wide use
and easy access to operational oceanograﬁhm products. The following list should be analysed by the
EuroGOOS Products Working Group and then transferred to the appropriate EuroGOOS Task Teams.

a. From the monitoring of primary productivity: S o
* High quality data sets for_ scientific research (biodiversity, long-term trends in biological
variability and community ShlftS?
» Early warning systems for harmiul algal blooms (based on transport patterns)
» Detection of non-indigenous species among phytoplankton communities
* Risk-assessment of environmental damage

b. From additional biological monitoring except fish: _
» Habitat mapping for different benthic organisms (EEA with EuroGOOS) _
» Zooplankton abundance and composition (EuroGOOS to establish formal links to the ICES
Zooplankton WG)

¢. From chemical monitoring: _ _ _
J Metasurﬁ_metr]t of fluxes and transport tracking of hazardous substances (pollution) and nutrients
eutrophication o _
J Early warning (transport patterns) of oil spills, harmful algal blooms etc to enable rapid response

d. From ﬁh sical monitoring: _ _ N N

» Hign-frequency measurements of many physical variables, e.g. temperature, salinity, turbidity,
turbulence, currents, tides, wave he!?ht, etc. {already available in many places)

* Monitoring and forecasting of stratification patterns _

« Systematic quantification of oceanic inflow/outflow to European shelf seas, the Mediterranean
and the Baltic Sea gproduct from existing models) -

» Transport patterns by eastern boundary/shelfedge current (product from existing models?

» Timing and intensity of spring stratification (Spring bloom) (product from existing models

* Measurement of the area/volume of Norwegian deep water areas (research necessary)

* Size of physically defined feeding areas for many fish species, e.g. salmon, herring, cod
gemperature/_sahmt important in this context, research necessary) _

» Parameterisation of deep water formation in the North Atlantic and Mediterranean Sea (product
from existing models) ,

» Measurement of sediment re-suspension (long-term research)

» Sediment budgets at regional sea scale (long-term research)

e. From long-term monitoring (climate chang?}: _ _ o .
» Evaluation of physical oceanographic and associated economic and social impacts for different
Beno_ds_ into the flture (research necessary) _ _
* Prediction of effects using models in ‘what if scenarios (ensemble modelling)
» Evaluation of regional and global consequences of North Atlantic thermohaline shutdown
» Feedback effects from ecosystems to physical climate models
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List of Acronyms Annexe 4
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-
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