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Foreword

In the past few years marine biodiversity has risen from relative obscurity to become an important is-
sue in European policy and science. The reasons are obvious. Species in general are disappearing at
a rate never observed since life began on earth. The extinction crisis ranks with global climate change
as the greatest threat to the integrity of the biosphere in the 21 century. The seas are no exception
and human pressure is changing the diversity of life in coastal waters, the shelves and even the deep
sea rapidly and on a global scale.

Species extinction is not just an aesthetic or moral problem. Marine organisms play a crucial role in
almost all biogeochemical processes that sustain the biosphere, and provide a variety of products
(goods) and functions (services), which are essential to mankind’s well being, including the production
of food and natural substances, the assimilation of waste, the remineralisation of organic matter and
the regulation of the world’s climate.

Knowledge about the patterns and changes of marine biodiversity in Europe and the role of marine
biodiversity in ecosystem functioning is scattered and imprecise. The scale of the research efforts
needed to obtain adequate knowledge for exploration, conservation and restoration of marine biodi-
versity demands European-scale collaboration. This was at the basis of the BIOMARE project. BIO-
MARE (Implementation and Networking of large-scale long-term Marine Biodiversity research in
Europe) was a Concerted Action sponsored by the EC with the participation of 21 marine laboratories,
members of the European Network of Marine Research Station MARS.

The objectives were t0 achieve a European consensus on the selection and implementation of 1) a
network of Reference Sites, 2) internationally agreed standardised and normalised measures and in-
dicators for (the degree of) biodiversity and 3) facilities for capacity building, dissemination and
networking of marine biodiversity research. Through the International Biodiversity Observation Year
IBOY, DIVERSITAS and the Census of Marine Life CoML, three global initiatives, BIOMARE has at-
tracted attention worldwide as a major effort to coordinate biodiversity research at the European scale
and beyond.

The results of BIOMARE have been published in two books and a permanent web site will be main-
tained by the MARS network. The first book describes the 100 European Marine Biodiversity Re-
search Sites that provide the geographical skeleton for the implementation of long-term and large-
scale research in Europe. Of these sites twelve are Reference Sites where conditions are as near to
pristine as one can hope for in European waters. The Reference Sites as well as the Focal Sites in
impacted areas should form the basis for future intensive surveys to assess the status and long-term
development of marine biodiversity in Europe. Most of these sites are close to marine institutes, which
can provide the infrastructure required for monitoring, explorative and experimental work.

The second book on biodiversity indicators presents a state of the art of the E.U. politics on biodiver-
sity indicators, a strategy to choose indicators and to monitor biodiversity within the framework of the
BIOMARE EMBRS and a catalogue of indicators that are used or recommended and for which at least
some consensus on their utility exists. Such indicators are required to translate very complex biologi-
cal structures and processes into more simple parameters and concepts that can be understood by
non-scientists. The challenge was to construct a scientifically solid system that still is useful to the in-
terested scientist, the CZM manager and the public alike. This book sets a first step but much work
remains to be done.

Now that the foundations have been laid, it is our hope that marine biodiversity research in Europe will
take advantage of the results from BIOMARE and the commitment of the scientists and institutes that
supported it. Organization at the European level and partnerships within the European Research Area
will be necessary if the marine community is to cope with one of the major challenges that will face it in
the rapidly changing political and societal environment in Europe and worldwide.

Carlo Heip and Herman Hummel
NIOO, General Co-ordinators
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Background: Which biodiversity?

The term biodiversity has multiple meanings depending on the biological scale to which it is applied.
Most commonly, biological diversity refers to the full range of species on Earth, including single-celled
organisms such as bacteria, viruses, and protista, as well as multicellular organisms such as plants,
animals, and fungi. On a finer scale of organisation, biological diversity includes the genetic variation
within species, both among geographically separated populations and among individuals within single
populations. On a wider scale, biological diversity includes variations in the biological communities in
which species live, the ecosystems in which communities exist, and the interactions among these lev-
els.

Ecosystem diversity (at least in the sea) and genetic diversity are less readily understood by decision
makers and the public, but are not less important than species diversity. The continued survival of
species and natural communities require the preservation of biodiversity at all of these levels. This is
included in the definition given in the text of the Convention on Biological Diversity (Rio de Janeiro,
1992): “Biological Diversity is the variability among living organisms from all sources including, inter
alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are
part; this includes diversity within species, between species and of ecosystems” [Article 2] (ISCBD,
1994)1.

Given these various scales of biodiversity, the biological diversity of an area is conveniently described
at three levels (Figure below)'. (1) Infra-specific (genetic) diversity is the variation within a population
and among populations of a plant or animal species. The genetic makeup of a species is variable be-
tween populations of a species within its geographic range. Loss of a population results in a loss of
genetic diversity for that species and a reduction of total biological diversity for the region. This unique
genetic information cannot be reclaimed. This level of biodiversity is critical in order for a species to
adapt to changing conditions and to continue to evolve in the most advantageous direction for that
species. (2) Organismal (species) diversity is the total number and abundance of plant and animal
species in an area. (3) The third level concerns the variety of natural communities or ecosystems
within an area. These communities may be representative of or even endemic to the area. It is within
these ecosystems that all life dwells.

COMPOSITION AND "LEVELS" OF BIODIVERSIW
Sea- iland-Iscape Diversity

Ecological Diversity
Organismal diversity

Ecosystems
Habitats Higher taxa
Niches Intraspecific Diversity  Species
Populations Populations Populations
Individuals
Chromosomes
Genes

Nucleotides

Human interactions
Climatic global changes
atalllevels

Composition and levels of biodiversity. Biodiversity is conveniently described at three levels: infra-specific diversity, organismal
diversity, and community or ecosystem diversity. A fourth level, the sea- (land-)scape diversity, takes into account global cli-
matic changes and human activity impacts. It also integrates the type, condition, pattern, and connectivity of natural communi-
ties or ecosystems, (after Féral, 2002)2

1 ISCBD (Interim Secretariat ofthe Convention on Biological Diversity), 1994. Convention on Biological Diver-sity:Text and An-
nexes (UNEP/CBD/94/1). United Nations Environment Programme, Geneva.
2

Féral J.-P. 2002 - How useful are the genetic markers in attempts to understand and manage marine biodiversity? J. Exp.
Mar. Biol. Ecol. 268: 121-145



Biodiversity also covers a complex set of relationships within and between these different levels of or-
ganisation, including human action, and their respective origins in space and time. All the components
overlap. And (4), a fourth level, the sea- (land-)scape diversity, integrates the type, condition, pat-
tern, and connectivity of natural communities or ecosystems. Fragmentation of landscapes, loss of
connections and loss of natural communities all result in a loss of biological diversity for a region. Hu-
mans and the results of their activities are integral parts of most landscapes.

Biodiversity is dynamic in its nature. Species and their populations are in continuous evolutionary
change. The present-day diversity is the result of the combined effects of speciation and extinction. To
understand biodiversity, it is thus necessary to investigate the underlying (genetic) processes involved.
Genetics seeks to understand the heritable basis of variation and evolutionary change at all levels.
The potential of a species to respond to novel environments and to disturbances caused by human ac-
tivities depends on the extent of diversity and the kind of diversity that is available. Genetic differences
among individuals within a species provide the foundation for diversity among species and ultimately
the foundation for the diversity among ecosystems. Genetic diversity (i.e. infra-specific diversity) de-
termines the ecological and evolutionary potential of species.

Marine biodiversity threats

As on the rest of the Earth, the composition and structure of the fauna, flora and habitats of the
oceans change under natural or anthropogenic pressures. The latter is the reason for the deterioration
of many environments, from the coast to deep sea; over the last 50 years the rate and extent of this
deterioration has been unprecedented, as were the consequences on biological diversity. Among the
causes of loss and degradation of biodiversity are:

Direct threats:

¢ Fragmenting and loss of natural habitats

¢ Overexploiting of certain species

¢ Biological Invasions, consequence to human activity

¢ Pollution [atmospheric fallout, pollution brought down by rivers, emissions, sea-farming (uneaten
artificial aliments, antibiotics), hydrocarbons, antifouling paint, hot water, pesticides, detergents,
heavy metals, radionuclides, waste, viruses and bacteria (waste water), silting, pleasure sailing (un-
authorised anchorage)]

¢ Climatic changes

Indirect threats:

¢ Development of rivers and the coastline (valorising and occupying coasts for industrial, tourist and
residential purposes)

Increase of human population and concomitant exploiting of resources

Disturbance linked to leisure activities

Destruction of the sedimentary systems through mining exploitation

Difficulty or impossibility of economic growth in certain countries

Catches (fishing, gathering) mostly of wild stock

Non-recognition or under assessment of marine diversity and natural resources in economic
terms Weakness of legal systems and institutions

¢ Absence of adequate scientific knowledge and ineffective transmission of information

What is a (biodiversity) indicator?

An indicator consists of data selected from a larger statistical whole, and possesses particular signifi-
cance and representativeness. Indicators thus condense information, and simplify the often-complex
environmental phenomena, thus becoming precious communication tools between science and poli-
tics. Thus they must be envisaged in the context of information flow (scientific research, environmental
management, decision making or public awareness).

In ecological sciences, a “good” indicator” is often an organism or a group of organisms which, by ref-
erence to biochemical, cytological, physiological, ethological or ecological variables, allows in a practi-
cal and safe way to characterize the state of an ecosystem or an eco-complex and to highlight as early
as possible their natural or caused modification. Because organisms are subject to a variety of stress-
ors in their environment, multiple measures of health are needed to help to identify and separate the



effects of man-induced stressors (e.g. contaminants) from the effects of natural stressors, at dif-
ferent scales (e.g. food and habitat availability, climatic changes).

When used by ecologists, conservation biologists and natural resource managers in the context of bio-
logical diversity, it generally refers to the environmental attributes, often of species or groups of spe-
cies, which can be sampled and whose change in time and space would reflect a change of biological
diversity as a whole. Therefore, indicators are measurable substitutes for the larger measurements of
biological diversity. They are monitoring tools used because it is impossible to monitor biological di-
versity in its entirety, even in a restricted sector. From the point of view of decision-making, indicators
constitute quantitative measurements, which imply a unit of measurement (distance from an opera-
tional objective, baselines permitting changes to be measured against a certain date or a certain
state, thresholds, which are used as early warning systems, targets, which reflect tangible perform-
ance objectives, etc.) from which one can measure certain aspects of what is yielded by a policy of
public interest. In this capacity they differ from statistics (raw data), because they present information
in a context, which gives it significance for a wider public, not only for experts.

Criteria for biodiversity indicators

Key criteria for establishing a feasible and effective universal core set of biodiversity indicators have
been proposed, among others, by UNEP (1 999)3 and were summarized by EEA (2002)4 as follow:

be easy to understand and policy-relevant;

provide factual, quantitative information;

be normative (possibility to compare to a baseline situation);

be scientifically sound and statistically valid;

be responsive to change in time/space;

be technically feasible and cost-efficient to use within acceptable limits (in terms of data collec-
tion);

be usable for scenarios for future projections;

allow comparison between member states;

allow aggregation at national and multinational level,

take into account country-specific biodiversity;

be user-driven.

They should also address the question of baselines for measurement (in light of the fact that applica-
tion of a pre-industrial baseline may often be problematic). Indicators proposed in the following
sections of the present booklet do not all meet these criteria that however, should actually be
applied in a next step towards defining a core set of biodiversity indicators.

The major policy questions to be answered and for which indicators can provide useful tools are de-
rived from the main objectives of twelve biodiversity-related global and European policy instruments
listed by EEA (2002)*.

Target groups for biodiversity indicators

The target group for biodiversity indicators in Europe consists of two parties: those providing the data
on the indicators (research institutes, non-governmental organizations, volunteers and/or government
agenciesS) and those making policy decisions on the basis of the message expressed by the indica-
tors (European Council of Environment Ministers; European Commission (especially Directorates -
General Environment, Agriculture, Energy and Transport, Fisheries, Regional Policy and Research
and the Joint Research Centre); National governments of the EU member states).

Pressure-State-Response (PSR) model

Different models have been proposed to help in structuring thoughts on indicators. They have all their
limitations in terms of interpretation and the classification of indicators depends on the sector or issue
under view.

3
UNEP (1999) Development of indicators of biological diversity. UNEP/CBD/SBSTTA/5/12 — Montreal, Subsidiary Body on Sci-
entific, Technical and Technological Advice (http://www biodiv.org/doc/meetings/sbstta/sbstta-05/official/sbstta-05-12-en.doc)

EEA 2002 An inventory of biodiversity indicators in Europe, Copenhagen, European Environment Agency.

> EEA European Environment Agency and its European Topic Centre on Nature Protection and Biodiversity; EIONET National
Reference Centres on biodiversity; International NGOs: ICES, CIESM, UNESCO, UNEP


http://www.biodiv.org/doc/meetings/sbstta/sbstta-05/official/sbstta-05-12-en.doc

The PSR model is based on the concept of causality: human activities exert pressures on the envi-
ronment and change its quality and quantity of natural resources (“state”). Society responds to these
changes through environmental, general economic and sectoral (“societal”’) responses. The PSR
framework was initially proposed by Friend and Rapport (1979)6 for the purpose of analyzing the inter-
actions between environmental pressures, the state of the environment and environmental responses.

Human activity impact

Basic sectorial trends, e.g. CO,, overfishing,

e.g. industry, number of introduced

agriculture, tourism, species, pollutant

transport, ... emissions,...

Driving Forces Pressure

Response State
...of society to solve Extent and quality of
problems, e.g. ecosystems, loss of
measures taken to ImpaCt habitats, species
conserve and restore richness and

biodiversity, financial abundance, relative

. Effect of a changed

means, creation of . number of threatened
. environment, e.g. . .

protected areas, public and extinct species,...

awareness, ...

decrease of nitrate
fertilizer use, floods,
storms...

Some organisations prefer variants of the PSR model. For example, the UN Commission for Sustain-
able Development (UN CSD) bases its indicator set on the Driving force-State-Response model (DSR)
model, where the term “Driving Forces” is used synonimous for “Pressure” and which allows a better
inclusion of non-environmental variables. For compatibility reasons to the DSR model the indicator
community has formulated the Driving forces - Pressure - State - Impact - Response (DPSIR) model,
which includes the PSR model as special case. This later appeared sufficient for practical biodiversity
purposes.

Key questions concerning biodiversity indicators

A preliminary step toward developing a core set of biodiversity indicators is to identify the key ques-
tions that indicators can help to answer for policy makers. The questions must at least be national ori-
ented and related to the status of biological diversity components and the pressures leading to biodi-
versity loss.

Pressure indicators (e.g. loss of habitat, fishing effort, number of species introduction, fréquentation
rates of natural habitat, pollutant emissions):

+ What are the most important direct and indirect threats to biodiversity?

« Are these primary threats to biodiversity stable, declining or worsening?

*+ What are the linkages between these primary threats and changes in biodiversity status?

* What driving forces impact on biodiversity?

*  What is the level of the main pressures on biodiversity?

State indicators (e.g. extent of ecosystems, quality of ecosystems, relative number of threatened and
extinct species):
*+ What is the conservation status of Europe’s biodiversity?

6 Friend, A and D. Rapport (1979) Towards a Comprehensive Framework for Environment Statistics: A Stress-Response Ap-
proach. Statistics Canada, Ottawa, Canada.



¢ \What are the major trends in the status of biological diversity (genes, species and ecosystems)?
¢ Are conditions stable, improving or deteriorating?
¢ \What is the state of knowledge of biological diversity?

Response indicators (see below):

Has the situation been corrected?

What measures are taken to conserve or restore biodiversity?

Are these measures effective in reaching the objectives?

Are biodiversity conservation measures integrated into other sectors of society?

Is use of biodiversity components carried out in a sustainable way?

What is the status of awareness and participation of the public and policymakers?
What is the status of information availability and understanding of biodiversity?

Are financial means available for biodiversity conservation and how are they spent?
Are pressures on biodiversity or causes for biodiversity loss being tackled?

E.U. state of the art of marine biodiversity indicators

In the framework of TEPI “Towards Environmental Pressure Indicators”, by EUROSTAT, a list of ten
policy fields was developed on the basis of the “‘themes” of the Fifth Environmental Action Programme:
Air Pollution, Climate Change, Loss of Biodiversity, Marine Environment & Coastal Zones, Ozone
Layer Depletion, Resource Depletion, Dispersion of Toxic Substances, Urban Environmental Prob-
lems, Waste, Water Pollution & Water Resources.

Six targeted economic sectors representing the societal actora of sustainable development were cho-
sen for each theme. Those of Marine Environment & Coastal Zones are: Eutrophication, Overfishing,
Development along shore, Priority habitat loss, Discharges of heavy metals, Oil pollution at coast and
at seas. Marine Environment & Coastal Zones theme may overlap with Loss of Biodiversity (e.g. Pro-
tection area loss or damage, Wetland loss through drainage, Agriculture intensity) and major threats to
the sea come from inland Water Pollution. It is clear that marine biodiversity per se and the negative
ecological, economical and societal consequences are not actually considered.

EEA (2002) gave an inventory of biodiversity indicators in Europe. It gathered a large amount of infor-
mation on biodiversity-related indicators and their use in Europe and globally. Almost nothing con-
cerns marine biodiversity. EEA report recommended, given the need for further scientific research and
testing, a two-way approach: (1) select some indicators that can be used in the short term (even when
imperfect) and (2) meanwhile continue developing or fine-tuning other indicators for long-term use.

BIOMARE’ bioindicator Workpackage

One of the operational objectives of the Jakarta Mandate’ was the application of the precautionary ap-
proach to biodiversity impact and also to develop guidelines for ecosystem evaluation and assess-
ment, paying attention to the need to identify and select indicators. BIOMARE Workpackage 2 (\WP2)
objectives fit with this. These were to inventory, list and select a number of biodiversity indicators used
or proposed by involved European laboratories. As a result of the analysis of the involved marine insti-
tutes, we give in this booklet a state of the art of indicators to be used in a long-term, large-scale sur-
vey of marine biodiversity throughout Europe. Research programmes on the processes of marine bio-
diversity changes can then be developed in order to identify the main causes, the rate and extent of
biodiversity change or loss and evaluate the benefit of the implementation of protective or corrective
measures.

BIOMARE’ European Marine Biodiversity Research Sites (EMBRS)

BIOMARE Workpackage 1 has established a network of marine coastal sites as the basis for long-
term and large-scale marine biodiversity research in Europe. Among these EMBRS, a subset of Ref-
erence Sites has been selected where human activities or natural local perturbations do not affect
biodiversity to any measurable degree, so that any future changes are likely to be dominated by natu-
ral factors. These sites have the potential to be used in future for studying large-scale effects on biodi-
versity, such as climate change. The remaining Focal Sites are impacted to varying degrees and by
varying factors, and these can be used for studying more local effects on biodiversity. The entire net-

7 Jakarta mandate on marine and coastal biological diversity, First meeting of experts, Jakarta, Indonesia, 7-10 March 1997.



work of EMBRS would be needed to address certain large scale issues such as the effects of climate
change on range extensions of species (see Warwick eta!. 2003)8.

The Reference Sites have been further categorised as follows:

* ATBI Sites.

These are sites where inventories are already available for a large number of components of the biota,
and where the production of an All Taxon Biodiversity Inventory (ATBI) is feasible. They are sites nec-
essary to calibrate indicators and because they are protected against direct human impact, they are
the reference for assessing and measuring climatic change effects.

* LTBR Sites.

These are sites intended for Long-Term Biodiversity Research (LTBR) aiming at understanding the
processes that govern the origin, maintenance and change of marine biodiversity, including human
impacts. To this end, a number of Focal Sites centred on major well-established marine research labo-
ratories in Europe have also been designated for this purpose. LTBR sites are managed by one or
several committed institutes and in future may be the nodes of regional networks involving a number
of satellite sites from the same region.

European Marine Biodiversity Research Sites

Reference sites
calibration
ATBI + LTBR LTBR

» monitoring
Focal sites

normal LTBR

« ATBI Reference sites

O LTBR Reference sites

* Normal focal sites

O LTBR focal sites
Other sites

8WARWICK et al. 2003 - European Marine Biodiversity Research Sites
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BIOMARE’ Workpackage 2 process

A questionnaire was created and completed by the BIOMARE community, via the Internet
(http://Iwww .biomareweb.org) leading to an initial inventory of indicators and key-species. This inven-
tory was then used as a start point for discussions during workshops. A number of points arose from
these discussions. Most proposed indicators were essentially species, and were in fact indicators of
“health” of the marine environment. Almost all propositions were deduced from a determinist view
point (the same causes produce the same results), which is in fact neither well understood nor well
documented. Moreover, none of the indicators [i.e. species] were actually in use on a long-term basis.

The analysis of the questionnaire also showed that, as already described some years agog, no “opera-
tional” indicator or set of indicators concerning marine and coastal biodiversity is currently available on
either a regional or a European scale. We also noticed that none of the endangered sPecies, ranging
from plants to cetaceans, listed in the Berne Convention'® or the OSPAR Convention 1, for example,
was being monitored in a coherent way. The questionnaire results also showed that inventories and
different actions such as the compiling of databases or studies on stocks were under way, but that:

¢ there was no standardised sampling plan,

¢ time and space scales were all different,

¢ the taxonomical skill involved in various projects also differed greatly.

BIOMARE’ rationale for marine biodiversity monitoring

One of the main tasks of BIOMARE’ WP2 was therefore to define strategies to choose indicators and
to use them in the framework of a monitoring strategy. For society, using biodiversity indicators con-
tributes to the objective to maintain within acceptable bounds, including for economical reasons, the
following:

¢ The diversity of ecosystem types

Species diversity

Genetic variability within species

Productivity of directly-impacted species

Productivity of ecologically-dependent species

Ecosystem structure and function

Water quality (linked to e.g. mariculture, fisheries, recreation).

The purpose of monitoring biodiversity is thus to rationally conserve and sustainably use its resources.
The aim is to understand how biodiversity changes through time, both now and in the past. To achieve
this both inventory and monitoring are necessary. Inventory work establishes a baseline distribution of
biodiversity for particular places at particular times. Monitoring addresses the issue of change or lack
of change (depending on space and time scales) of biodiversity through time at particular places. In
fact changes in biodiversity occur through time in all communities and ecosystems. Some of these
changes result from natural factors and others from human disturbances. The goal of a monitoring
programme is to document natural patterns of change or lack of change in order to establish a base-
line for understanding the impact of natural disturbance on species composition and abundance in
communities and ecosystems. Once this baseline is established it can be used to detect changes in
biodiversity that result from human disturbance. Thus we are going to distinguish what to monitor and
how to monitor in the different types of BIOMARE European marine biodiversity research sites.

An ideal core network of sites for monitoring changes in biodiversity would cover a selection of critical
ecosystems. Areas such as those that are being subject to degradation through human activities, tran-
sition zones, sites which have been intensively studied and have well established species lists, cou-
pled with meteorological and ecological data sets and sites, which are aligned along gradients such as
longitude, latitude, salinity and other appropriate gradient could be used. In many ways, such a core
network of sites could be built upon existing protected areas such as national parks.

9
HEIP C. et al. (eds.) 1997. An inventory of marine biodiversity research projects in the EU/EEA member states. CEC/MAST

and EERO, publ. MARS, NIOO, Yerseke. FERAL J.-P. 1999 . Indicators of marine and coastal biodiversity of the Mediterranean
Sea UNEP(OCA)/MED WG.154/Inf.4

Site of the Bern convention: http://www.nature.coe.int/english/cadres/berne.htm
The text of the Bern Convention is on-line at: http://iwww.ecnc.nl/docfeurope/legislat/bernconv.htmil

11
Site of the OSPAR convention: http://www.ospar.org/
The text of the OSPAR convention is on-line at: http://www.ospar.org/eng/html/convention/welcome.htm
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http://www.ecnc.nl/doc/europe/legislat/bernconv.html
http://www.ospar.org/
http://www.ospar.org/eng/html/convention/welcome.htm

To efficiently use biodiversity indicators, BIOMARE WP1 and WP2 recommend selecting sampling
sites along a natural gradient of a single major environmental variable, but within a single region
that is homogeneous in species pool and history. To understand changes at a European scale
implies the use of transects in different regions and seas as replicates to test hypotheses
regarding the response of taxa and functional group richness to resource availability and disturbance.
It is also necessary to select transects from areas with high and low numbers of species in the re-
gional species pool. (cf. Solbrig 1991)12 It will also be necessary to nest replicate areas within regions
to disentangle broader scale change from more localised fluctuations.

BIOMARE’ proposal for a marine biodiversity monitoring strategy

1. Framework
1.1. Detecting changes of biodiversity in space and time

Detecting SPATIAL changes

By what means and where Objectives / Results
Direct assessment of biodiversity in limited pro- Give an idea of the European “unimpacted” biodiversity, solely
tected areas (ATBI sites) threatened by natural perturbations

Indirect or selective assessment of biodiversity Limits of distribution of species

(in ATBI sites and particular LTBR sites) Compare biodiversity (at genetic, species, community and

seascape levels) under different conditions (natural or anthro-
pogenic stressors)

Assess biodiversity along gradients

Detecting spatial changes in addition to those due to natural variability (ATBI as reference to compare
to other sites), this primarily represents an inventory, which will be used as a baseline of biodiversity
with respect to place and time.

Detecting TEMPORAL changes

By what means and where Objectives / Results
In “unimpacted” LTBR sites (using bioindicators Assess impact of global changes, such as climate, on biodi-
of biodiversity or surrogates) versity

Detect “natural” genetic variations

Assess “natural” dynamics of communities and target popula-
tions

In protected areas, selective assessment of bio- (Positive) impact of protected areas on biodiversity
diversity
In impacted sites (Focal sites) using bioindica- Long and short-term impact of anthropogenic stressors com-
tors calibrated in ATBI sites bined with global change on biodiversity via dynamics of com-
munities and target populations.
Detect the threshold of stress that an ecosystem can support
before biodiversity changes.
Detecting temporal changes in addition to those due to natural variability (especially LTBR sites) and
attribute changes to their causes, this monitoring programme will track changes in biodiversity over
time. The following step is to attribute these changes to their causes by testing hypotheses and em-
pirical models.

1.2 Monitoring scales
1.2.a Biodiversity at all levels of biological integration

The task is to measure marine biodiversity changes on various biological spatial and temporal scales
(from single samples to regional and global scales), identify the threats of marine biodiversity, and as-
sess the consequences. To do so, multiscale and multidisciplinary approaches are necessary for a
good assessment of marine biodiversity. Biodiversity must be therefore considered at its different lev-
els: Genetic diversity, Organismal (species) diversity, Community or ecosystem diversity, Seascape
diversity.

12
Solbrig O.T. (ed) 1991. From gene to ecosystems: a research agenda for biodiversity. 124 pages. Published by IUBS, Paris
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A baseline of biodiversity at these four levels should be made (if it does not already exist) at the ATBI
sites.

1.2.b Geographic scales

At every site people are obviously working first at local level. The information obtained at that level
could then also be relevant at a regional or Pan-European level. This means that the assessment and
survey tools used must be at least partially Pan-European, to allow comparison of biodiversity and its

European biodiversity issues

Sub-set

addressing a _

specific n

biodiversity H )

issues Y n Site c_)f

e.g. biomar.kers s!)ec.lal _

| BEEP !modlversny
issues

Regional biodiversity issues

Local biodiversity issues

evolution on a large geographical scale. Information resulting from the survey of species indicators
may not be directly comparable at a European level, but biodiversity trends (resulting from these indi-
cators) are.

The first level is a sampling unit constituted by the habitat. As biodiversity measurements are surface-
area dependent, sampling units must be calibrated and standardized for each habitat. Generally one
site includes several habitats. Certain sites such as the ATBI sites (and some LTBR sites) have the
whole panel of habitats considered in BIOMARE. In others, such as sites directly impacted by human
activity, only one habitat of special interest may be monitored.

An initial information and research network creating an independent unit and developed at a regional
or sub-regional level may subsequently be incorporated into an inter-regional European network. Dif-
ferent network subsets can be determined, and at the same time address large scale and long-term
biodiversity issues. In the future, closer relations with networks addressing specific problematic targets
concerning BIOMARE should be established.

Possible sub-set networks:

+ Based on very specific problems (which can only be treated by a limited number of laboratories):
o Biomarkers

Genetic diversity

Invasive species

Deep sea biodiversity

Particular ecosystems (estuaries, delta zones, caves...)

Climate change

O 0 0 0 o

13



+ Based on regional collaboration treating biodiversity in a more general way but delivered at differ-
ent sites

o Set of ATBI, LTER and focal sites depending on a eco-region

o Set of sites depending on a country

1.2.0 Time scale

The assessment of biodiversity on a European level through the ATBI sites should be done only once,
at the beginning of any monitoring programme. The evolution and changes in biodiversity (other than
natural) are to be followed through an appropriate time period. This will give a spatial reference with
detailed information on the biodiversity of the different regions.

At reference sites, human impact is assumed as being virtually absent except through global changes.
These global phenomena have an impact on biodiversity on a long-term scale and therefore should be
monitored less often but for a longer period (10-15 years or more).

At focal sites, changes in biodiversity can be linked more directly to human impact associated with
global changes. The survey of biodiversity changes in such sites should be more frequent but moni-
tored on a shorter term.

1.3 Different types of indicators

The purpose of BIOMARE was to pro-

duce an inventory and evaluate indica-

tors of biodiversity. However, as such

indicators are not sufficient by them- Low
selves, they must be used together with ECOLOGICAL
other indicators to give a more total RELEVANCE
evaluation of the ecological risk. In par-
ticular, such combined indicators need
to be able to give an early warning of an
adverse change for the environment.
For the protection of biodiversity, indica-
tors which react quickly, at a cellular or
sub-cellular or biochemical level, even
at low ecological relevance, such as
biomarkers are required. Policy deci- HIGH

sions must take this point into account. ECOLOGICAL
RELEVANCE

SHORT-TERI LONG-TERM
RESPONSE

Among the different types of indicators www.esd.ornl.gov/programs/bioindicators/whatare.htm

(see above) BIOMARE WP 2 has

mostly defined state indicators:

+ Bioindicators of biodiversity at three levels (within a population, within a community/habitat, within
a multi-unit site)

» Bioindicators of environmental health having a direct link with biodiversity at the three levels

Use and response indicators, were considered as they stand in the literature. We only give some ex-
amples below. Depending of the context and of the target, an indicator suggested in a given category
can also be indicator in another one (state, pressure or response indicators). A closer link should be
established between BIOMARE and national and international policies when the network reaches a
functional state.

Use indicators

These are goods and services provided by ecosystems:

« Fishery catches: concurrency of rare species in the nets, note changes in size of catches;
« CPUEs (estimation from sets of landings by all boats over a month);

*  Production of bioactive substances for medical use;

. Ecotourism development;

+ Divers: observations are collected in certain Atlantic and Mediterranean sites.

14
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Example of decision tree used to chose biodiversity indicators

A. Define the time-scate

Short-term Long-term
Direct effect | Long term
effect
] 1 | S. Define the spatial scale |
. A .
T.1. Rapid T.2. (rapid) S-1pan*uropean || s,2.Regional || s.a. station
assessment Assessment 10-20 rriles.
) «round fixed

1time x times ¥

T.2. Long term (rapid) Assessment x times
S.2. Regional
-Collect the baselines (databases on monitoring / historic data)

- Select biodiversity indicators:
- B.1.1.2.b (rare/endemic ratio)
- B.2.X.X.
-B.S.x.x.

- Statistically test with the baseline data which of the above factors are
good indicators of (changes in) biodiversity at the temporal and spatial
scale chosen.

Beside biodiversity indicators, this evaluation may give an idea of the
scale and rate of change

- For a prediction (prognosis) perform the proper modelling

B. Biodiversity indicators

B.1. Level of organization B.2. Biomarkers

-b.1.1. (presence of) taxa -b.21.

- b.1.2. Key species -b.2.2.

- b.1.3. Functional groups

- b.1.4. Phylogenetic groups B.3. Genetic diversity
- b.1.5. Biogeographic groups

- b.1.8. Population dynamics - b.3.1. Heterozygosity

-b.1.9. Community indices - b.3.2. Average nr. alleles
(Biomass / species / -b.3.x. ...
abundance ratio)

B.4. Habitat diversity

-b.4.1. Number of biotopes
per km*
-b.4.2. ...

B.1. Biodiversity indicators : detailed description of
Level of organization

B.1.1, Taxa B.1.2. Keyspecies B.1.3. Functional
(sentinel species) groups
B.1.1.1. Seals
B.1.1.2. Fish B.1.2.1. Dominant B.1.3.1. Suspension
B.1.1.3. Bivalves species (more than 20 %  feeders
B.1.1.4. Nematodes in numbers or biomass) B.1.3.2....
B.1.1.x.... B.1.2.2. Endemic sp. B.1.3.3. Predators
a. Level of endemism B.1.3.4....
b. Rare/endemic taxa B.1.3.5. Taxa
B.1.2.3. Invading taxa indicating
B.1.2.4. Charismatic sp. environmental
B.1.2.6. Biotope building  conditions
B.1.2.x... B.1.3.x,...
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Define the time and spatial
scales of monitoring

Chose the Reference

Point(s)

The operational objective, indicator,
performance or response measure and
reference point form a package whose
each element is essential to properly
define and interpret an indicator

Chose the indicator(s), re-
garding key issues (manag-
ers) or specific questions

(scientists)

How do I collect the required infor-
mation? Who did this type of work
before? Who can do this work now?

Chose the pertinent level of
biological integration

Species are the most practical and
widely applicable measure of biodi-
versity to date. However, trophic
level balance or habitat complexity
may fit better to operational objec-
tive e.g. for conservation purposes
as well as (effective) population size,
age structure, genetic variance or
inbreeding coefficient.



Examples of some indicators used by MAP:

¢ Fishing production per broad species groups
Number & average power of fishing boats
Production of aquaculture

Threatened species

Share of fishing fleet using barge

Some information given by the FAO for each country:
¢ Fish for direct human consumption

Number of vessels

General evolution of fishing capacity

Economic role of the fishing industry

Response indicators
These indicate the actions undertaken to solve an environmental problem:

Examples used in the French legislation:

¢ Protected areas as a percentage of total area (indicator 18.1/FR)

¢ Cumulative growth of the Conservatoire du Littoral's acquisitions (indicator 18.2/FR)
¢ Share of the ZNIEFFs belonging to a protected area (indicator 18.4/FR)

Examples of response indicators used by MAP:
¢ Total expenditure on protected areas management

Examples of response indicators selected by the EEA:
¢ \Waste water treatment per country
¢ Development with time

2. Strategy of long term, large scale biodiversity monitoring

The BIOMARE sites (EMBRS) are located across Europe and are situated in different environmental
conditions. They are also subject to varying degrees of human impact. They therefore do not have the
same potential for marine biodiversity research and thus are classed into different categories, which
different research objectives.

All sites are European Marine Biodiversity Research Sites that consist of:
¢ EMB Reference Sites (evaluated by an independent committee)
¢ EMB Focal Sites (only a few have been evaluated by an independent committee).

General strategies for long-term biodiversity research for both categories are proposed in this docu-
ment. If these strategies are considered at a regional scale, the indicators to use may be indicated
more precisely.

2.1 BIOMARE reference sites

These sites are the least influenced by human activities and two main research objectives have been

identified:

¢ All Taxa Biodiversity Inventory (ATBI). This program concerns only a limited number of Reference
sites, particularly those that are islands. These sites will serve as geographic reference locations,
representing a baseline of biodiversity in Europe. All ATBI sites are also LTBR.

¢ Long Term Biodiversity Research (LTBR). This program concerns all the Reference sites and a
few evaluated Focal sites. The purpose of these sites is to give a reference of biodiversity over time.

16



2.1 .a ATBI sites

ATBI
(Reference in space)

Biodiversity Inventory using, if
necessary, molecular biology:
genetics and environmental
genomics

Rapid Assessment Methods
and indicators (indexes, indices
and other methods) to be cali-
brated

Biological markers: calibrated
and validated (or not) for biodi-
versity

2.1 .b LTBR sites

Long Term Biodiversity Re-
search
(Reference in time)

Environmental parameters: Wa-

ter temperature, salinity,
[PC02/02] Redox potential,
turbidity, current/wave action,
nutrients (link with national pro-
grams), sediment grain-size,
meteorological parameters (link
with meteorological stations)

Habitat cartography (using re-
mote observation)

Survey of target species used
as bioindicators: Population dy-
namics and genetic diversity

Structure and dynamics of cer-
tain communities

Replicates of calibration of
RAM and indicators (if neces-
sary in some sites)

2.2. BIOMARE focal sites

These sites are directly impacted by human activities and biodiversity is influenced by both anthropo-
genic impacts and natural stresses such as climate change. A simple assessment of biodiversity in
these sites is not meaningful as it changes rapidly as ecosystems constantly adapt to the changing
environmental conditions. Biodiversity must therefore be surveyed in a dynamic way. A baseline study

Frequency

Once
Updated if required

Once
Once

Frequency
Continuous

Once and possibly updated
every ten years

Abundance: deoendina on the
species

Dynamics: Once over a five
year period

Genetics: once

Once over a ten year period

Once

Scale at which a same
method may be used

European

Regional or European

European

Scale at which a same
method may be used

European

European

Regional or sub-regional

Regional

Regional or European

of biodiversity, using rapid assessment techniques, should be followed by periodic assessments.

The biodiversity of ecosystems may rapidly change over time with the loss, replacement or addition of
species. Research at these sites should be able to determine the impact of the different stressors on

biodiversity.
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2.2.a LTBR Focal sites

A certain number of important marine stations throughout Europe have a long history of biodiversity
research and excellent facilities to carry it out but are situated in somewhat impacted sites. These
sites are characterised as focal sites. They have very clear research objectives and the same monitor-
ing strategy as Reference LTBR sites (see above) should be applied.

2.2.b Other Focal sites

Focal sites Frequency Scale at which a same method
may be used

Habitat cartography Once and updated for certain European
habitats
Measures of pollutants Yearly Local
Population dynamics studies of Abundance: freauent depend- Regional or sub-regional
target species suitable as bio- ing on the species
indicators of anthropogenic im- Dynamics: once on a period of
pacts five years.
Biological markers See with BEEP European
Assessments of biodiversity us- Once every two years European method adapted to
ing methods used for the Ref- regional specificities.

erence sites

3. Selected methods and indices linked to biodiversity

Biodiversity is dependent on its environment. Therefore large scale, long-term biodiversity research
should include biodiversity assessments from different environmental conditions as well as surveys of
possible or actual changes in biodiversity. Consequently changes in the environment due to human
impact and measured by bioindicators, can reflect actual changes in biodiversity and predict future
ones.

The methods of assessment and indices in this document have been proposed by the institutes par-
ticipating in BIOMARE. They do not all have standardized protocols. One of the main goals for the fu-
ture should be to clearly test and standardize the protocols of the indicators.

3.1. Indicators and methods for biodiversity assessment

A complete assessment of biodiversity is time consuming, requires specialists and is expensive.
Therefore an All Taxa Biodiversity Inventory can only be made at a restricted number of sites and
cannot be repeated often. ATBIs can only be compared geographically and give a reference in time
(threshold). Consequently, other ways of estimating and surveying biodiversity geographically and
temporally must be used.

3.1 .a Indicators of biodiversity
Organismal diversity can be measured in a number of ways, and is usually expressed as some meas-

ure of species richness (the number of species), by more sophisticated index such as Shannon Diver-
sity) or the taxonomic spread of species (e.g. taxonomic distinctness, phylogenetic structure). It
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Indicators to be used

Biomarkers

Molecular tools

Indicator species
Functional diversity

Phylogenetic structure

Fish assemblages

Use Indicators

Benlhic faunal analysis
Diversity of surrogates

Direct measurements of
biodiversity such as

taxonomic distinctness

Survey of keystone
. Structure and diversly of and ATBI
species
certain communities

Limited
stress damage Crrable damage Severely damaged
Changes of
| Geographic distribution Dynam its o .
biodiversity at
Years Structure Structure | | p
jlarge scale an
D ) Lo
| ynam jes 1 Geographic distribution _ Hong term
nan
' 1
Months
Physiological I .
Reproduction
Biochemical N
Metabolism
Molecular
Days | | Affected biological level
Biodiversity changes
Infra-specific 1 individual / Population 1 Biodiversity changes 1 Biodiversity loss

functions affected functions affected (community affected) (local extinctions)

Examples of

(Over)fishing
perturbations

Littoral constructions

Types of indicators and level of biodiversity affected by different type of perturbations: Effects on populations, communi-
ties and ecosystems have a high ecological relevance but cannot be used to give an early warning of human pressures on bio-
diversity. Biodiversity loss may manifest itself long after biochemical dysfunction, physiological anomalies, growth or reproduc-
tion impairments have occurred.

It is almost impossible to measure biodiversity across the whole spectrum of organisms present so
surrogates, or substitute measures for the total biodiversity are used. Such measures include some
component or attribute of the biota that is relatively easy to determine, and which is correlated with
overall biodiversity. Such surrogates include the diversity of a selected higher taxon or taxa (e.g. fish),
the diversity of higher taxa (e.g. families or phyla), recording conspicuous species by visual methods,
death assemblages (e.g. of molluscs), or the gut contents of key predators. The diversity of the surro-
gate may be assessed either as species diversity (most measures of which, especially the number of
species, are sample size or sampling effort dependent) or as the taxonomic spread (taxonomic dis-
tinctness is independent of sample size and effort). Other aspects of diversity such as functional diver-
sity (e.g. trophic) or genetic diversity of key species (heterozygosity, allele frequency, population size,
inbreeding) may also be used as surrogates.

3.1 .b Analysis methods

Examples of frequently used methods for measuring and remotely observing biodiversity in marine
biodiversity assessment are given below. This list is not exhaustive, but shows how important remote
observation is becoming. These non-destructive methods allow data collection in a standard way,
which can be applied across Europe. The data generated may then be used in different layers of a
GIS (see below).
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3.2 Indicators and methods of environmental health related to biodiversity

The most commonly used bioindicators are those of environmental health. Of these, only a few are
appropriate for our purpose. These will not give us an assessment of biodiversity but an indication of:
¢ Biodiversity changes in time (due to changes in the environment)

¢ Human impact on biodiversity

Bioindicators of environmental health may be classified by levels:
¢ Organism level
This consists of monitoring species that are sensitive to environmental conditions and that are most of-
ten essential in an ecosystem (see following section 5: “Using species as bioindicators of biodiversity”.
e Community level
Multispecies indicators:
o0 The log normal distribution
Caswell’s neutral model
Coefficient of pollution
Ratios between pollution sensitive and insensitive taxa
Phylum level meta-analysis
o Abundance/biomass comparison (ABC) plots
¢ Infra-specific level [Biological markers (early warning of threat)]:
o Genotoxicity
Stress proteins (general indicator of health)
Secondary metabolites production (state indicator / invertebrates chemical defences)
Biomarkers of endocrine disruption such as imposex on gastropods
Reproduction success (may indicate some effects at the population level), fertility

© O 0OO0

o OO0 OO0

3.2.a Biotic indicators of environmental state

These are multi-species indicators of environmental stress that depend on various taxa within an as-
semblage reacting differently from each other in a predictable way. The change in composition or
structure of the assemblage can then be used as a stress response. In some cases the changed
structure is compared to a theoretical expectation of what that structure should be in unperturbed con-
ditions (e.g. a log normal distribution, Caswell’'s neutral model). In other cases the change in composi-
tion is compared with empirically derived standards (e.g. coefficient of pollution, ratios between pollu-
tion sensitive and pollution tolerant taxa, phylum-level meta-analysis, infaunal trophic index (ITI), biotic
index or biotic coefficient). In the case of abundance/biomass comparison (ABC) plots, one structural
attribute of the same assemblage is contrasted with another.

3.2.b Biological markers

Environmental stressors, either chemical, physical, or biological have both direct (affecting metabolic
pathways) and indirect (changing food and habitat availability) effects on biota. Therefore, the as-
sessment of environmental quality can be directly linked with the monitoring of indicators at all levels
of biological organization (bioassessment evaluation). Three successive steps can be recognized for
this procedure:

1. Determining which organisms have been exposed to the stressors;

2. Assessing of the level of the hazard and the effect of stressors on the organisms and populations;
3. Assessing the ecological risk in order to determine the ecological damage.

A subset of bioindicators, known as biomarkers or biological markers, is generally used to indicate ex-
posure of biota to stressors at lower levels of biological integration (sub-cellular to organism).

A number of bioindicators used as assessment tools for the quality of the marine environment have
been proposed as potential indicators for the assessment of the marine biodiversity, by members of
the BEEP Project (Biological Effects of Environmental Pollution in marine ecosystems). Although no
conclusive links between biomarkers and biodiversity have yet been established, the BIOMARE Con-
sortium feels that future evaluation of this category of bioindicators as biodiversity-monitoring tools
should be made and that their potential inter-calibration with the other biodiversity surrogates pro-
posed in this booklet should be explored. Some of the criteria used for their selection (i.e. sensitivity,
specificity, broad applicability, representativeness and low-cost), their potential use in providing an
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early warning of impending environmental damage, their potential to create links between stressors
and effects, and their incorporation into ecological risk assessment, have been addressed..
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Indicators of biodiversity

Legend used for the indicators

Not validated Rarely validated Needs more Validated
State of validation
A AN A
Not recommended Limited Usable with care Recommended
Recommendation
* rfitit k k kit
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Tool Class
Tool Type

Name

Summary

Geographic Scale

Targets

Data needed

Assessment of
likely data availabil-

ity
Costs involved

Human resource
required

Data generated
Time Frame

Examples of im-
plementation

Points FOR

Points AGAINST
Appraisals

Literature

Remarks
State of validation

Recommendation

Bioindicator

Biodiversity

Taxonomic distinctness

These are measures of the taxonomic spread of species, rather than the numbers of species. They are in-
dependent of sample size and sampling effort, they can be used with simple non-quantitative species lists,
and there are possibilities of testing for representativeness using permutation tests. Average taxonomic dis-
tinctness (AvTD) is a measure of the average degree to which species in an assemblage are related to
each other. Variation in taxonomic distinctness (VarTD) is a measure of the degree to which certain taxa
are over- or under-represented in samples. For both indices, a simple permutation test of the hypothesis
that the species inventory has a taxonomic structure that is representative of the full biodiversity can be
constructed. These measures are beginning to find application in broad scale geographical comparisons of
biodiversity, in environmental impact assessment and in evaluation of surrogates for biodiversity estimation.

Sample to region

Broad-scale comparisons of diversity where the sampling effort, methodology etc have not been standard-
ised.

Simple non-quantitative species lists

There is an enormous amount of data in the literature of this type, which by using more conventional spe-
cies richness measures is not amenable to biodiversity analysis.

Cheap especially if surrogates can be used, e.g. death assemblages of molluscs washed up on sandy
beaches.

Not much

Real
Fast

Indices have been applied to data on nematodes, demersal fish, corals, macrobenthos, molluscs (see
Warwick & Clarke 2001 for references)

Fast, cheap, accurate predictions, provides a manual for biodiversity managers, provides data compatible
for collating information, applicable for all seas in Europe, data are directly comparable with other sites as-
sessed by different methods.

None

See Warwick, R.M. and Clarke, K.R. (2001). Practical measures of marine biodiversity based on related-
ness of species. Oceanogr. Mar. Biol. An. Rev. 39:207-231. for review of applications.

rfrfitit

kififit
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Tool Class
Tool Type

Name

Summary

Geographic Scale
Targets
Data needed

Assessment of
likely data availabil-

ity

Costs involved

Human resource
required

Data generated
Time Frame

Examples of im-
plementation

Points FOR
Points AGAINST
Appraisals

Literature

Remarks

State of validation

Recommendation

Bioindicator

Biodiversity

Fish Indices

Measurement of the occurrence, frequency, species richness, abundance and demographic structure of
two types of fish: type A, 16 large meso- and macro carnivores particularly threatened by spear fishing;
Type B: two small territorial fishes particularly impacted by angling. Census is made visually by SCUBA div-
ing along four permanent transects (4x125m) by site both in a protected area and outside the protected
area

Local
A need to measure the positive impact of reserves, "reserve effect”.

Accurate quantitative data (abundance) on all species in the assemblages

Low

List of species and their abundance
One day, twice per season

Marseilles’ region (Golfe du Lion)

J.-G. Harmelin, F. Bachet & F. Garcia (1995). Mediterranean Marine Reserves: Fish Indices as Tests of
Protection Efficiency. Marine Ecology. 16 (3): 233-250.

The two sites need to be chosen in close vicinity in order to ensure having the same hydrological environ-

ment and to ensure easy accessibility within the same day period. The selection of the sites must be based
on similarity in depth, slope, topographic complexity and bottom types. Diving equipment, boards with pre-
written species lists are needed.

rfrfitit

kififit
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Bioindicator

Biodiversity

Phylogenetic structure

Measures that reflect diversity at a hierarchy of taxonomic levels (phylum to species). Phylogenetic diversity
(PD) is the total path length constituting a full phylogenetic (or taxonomic) tree (which is sample size de-
pendent).

Sample to region

Broad-scale comparisons of diversity where the sampling effort, methodology etc have not been standard-
ised.

Simple non-quantitative species lists

There is an enormous amount of data in the literature of this type, which by using more conventional spe-
cies richness measures is not amenable to biodiversity analysis.

Cheap especially if surrogates can be used, e.g. death assemblages of molluscs washed up on sandy
beaches.

Not much

Real
Fast

PD used mainly for terrestrial biota.

More informative than species richness, as it reflects relatedness between species.

PD dependent on sample size or sampling effort, therefore not comparable between sites where these are
not standardised.

Warwick, R.M. and Clarke, K.R. 2001. Practical measures of marine biodiversity based on relatedness of
species. Oceanogr. Mar. Biol. An. Rev. 339:207-231. Faith, D.P. 1994. Phylogenetic pattern and the quanti-
fication of organismal biodiversity. Philosophical Transactions of the Royal Society of London Series B,
345,45-58.

Use taxonomic distinctness instead.
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Bioindicator

Biodiversity

Number of Species

Simple concept, but notoriously sample-size dependent and therefore difficult to measure accurately. Of
use in rigorously controlled studies examining components of biota.

Conceptually useful at all scales, but practically limited to smaller-scale studies, with rigorously controlled
sampling regimes.

Local environmental impact assessment
Assessed directly from samples.

Except at small scales, most data are deficient.

Very high

As all taxa need to be identified to species, this requires enormous effort for anything other than small
scale sampling of faunal components.

Species number; derivative measures (e.g. H’) if relative abundances can be assessed.

Short (environmental assessment) and long (ATBI).

Commonly presented for small-scale studies of components of fauna as a relative measure. Sometimes
used for larger-scale studies but considered to be a poor measure of biodiversity if sampling effort is not
controlled.

A ‘pure’ biodiversity measure, conceptually simple.
Scale dependent

See Warwick & Clarke, 2001 Practical measures of marine biodiversity based on relatedness of species.
Oceanogr. Mar. Biol. An. Rev. 339:207-231

Vast literature, as number of species is widely considered to be synonymous with ‘biodiversity’, despite
the practical difficulties of measuring it accurately.

Size sample dependent.

kirk -
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Bioindicator

Biodiversity

Higher taxonomic diversity

Individuals in samples are either identified directly to the target taxon (phylum, class, order...) or to the
lowest practical taxonomic level and then aggregated to higher taxa. Indices are calculated from numbers
of taxa and/or their relative abundances..

Sample to region.
Any study requiring comparison of biodiversity.
Assessed directly from samples or aggregated from.

ATBI calibration not available. Data to calculate indices widely available.

Relatively cheap once calibrated

Potentially, the higher the target taxon, the cheaper the indices are to calculate as the requirement for taxo-
nomic expertise becomes less.

Numbers (and relative abundances) of individuals in higher taxa.
Quick

Sometimes calculated (see Clarke and Warwick 2001 for examples) as a relative measure, but yet to be
calibrated as a biodiversity measure.

Quicker than species identification, requiring less expertise.
As yet uncalibrated as a surrogate for overall biodiversity.
A simple concept that, if it can be calibrated, offers great potential. Many studies demonstrated that multi-

variate methods at higher taxonomic levels are similar to analyses conducted at the species level..

Heip, C., RM. Warwick, M.R. Carr, R. Clarke, P.M.J.. Herman, R. Huys, N. Smol & K. Van Holsbeke. 1988.
Analyses of community attributes: the benthic meiofauna of Langesund and Frierfjord, Norway.
Mar.Ecol.Progr.Ser.46:171-180. Warwick, R.M. 1993. Environmental impactstudies on marine communi-
ties: pragmatical considerations. Aust. J. Ecol., 18:63-80.

Has been validated for environmental health, needs validation for biodiversity
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Bioindicator

Biodiversity

Gut contents of key predators

Uses the concept of predators as biodiversity collectors, i.e. their gut contents or faeces reflect the biodi-
versity of prey items available. Not yet tested or calibrated.

Local for species with high habitat fidelity, but more usually regional for wide-ranging predators.
Any study requiring comparative biodiversity data.
None.

Plenty of data for benthic fauna and predator gut contents available, but matching has not yet been done as
far as we know.

Relatively cheap if predators are a by-product of other studies (e.g. fish census).

Taxonomic experience required to identify sub-optimal material.

Biodiversity information on the range of prey that comprise the spectrum of the target species diet..
Quick..

None to our knowledge

Avoids need for wide ranging samples from the area under study.
Not yet tested or calibrated at any sites.
None.

Plenty of papers on prey items of predators and prey communities in the field, but not calibrated as a biodi-
versity measure.

Comparisons of demersal fish gut contents and benthic macrofauna are made by several fisheries insti-

tutes, e.g. Aberdeen, Tromso. Seal faeces analysed for fish otoliths at SMRU St. Andrews, UK.

AU
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Bioindicator

Biodiversity

Death assemblages

Kidson (2001) compared the living and dead species composition of shell-bearing molluscs (gastropods
and bivalves) in 85 studies of marine sedimentary habitats. She found that these ‘time averaged’ death as-
semblages retain a strong signal of the rank order of relative species abundances in the original living
source community. In the context of regional biodiversity we also need to know whether death assemblages
are spatially averaged as well as time averaged, i.e. is their composition representative of the regional living
species pool from all habitats within the region, notjust the habitat in which they were found?

Local to regional
Any study requiring comparative biodiversity data.
Locations of appropriate collecting sites (e.g. accumulating sand-beaches).

For molluscs, mostly in the grey literature and in the files of amateur conchologists. For foraminifera, a lot
of geological papers.

Cheap

Sample collection easy, some identification skills needed.

Species lists for animals with hard parts preserved in the death assemblage.

Collection of data instantaneous, but death assemblage may be integrated over a long period (maybe sev-
eral decades). Can be used for fossil death assemblages to study long-term changes (geological time).

Warwick, R.M. & Light, J., 2002. Death assemblages of molluscs on St. Martin’s Flats, Isles of Scilly: a sur-
rogate for regional biodiversity? Biodiversity and Conservation. Warwick, R.M & Turk, S.M. 2002. Predict-
ing dimate-change effects on marine biodiversity: comparison of recent and fossil molluscan death-
assemblages. J. mar biol. Ass. UK. (in press).

Quick, few resources for collection.

Depends on existence or not of dead shell transport barriers to collecting site.

Warwick, R.M. & Light, J., 2002. Death assemblages of molluscs on St. Martin’s Flats, Isles of Scilly: a sur-
rogate for regional biodiversity? Biodiversity and Conservation

Can also be used for paleoecology and climate research.

rfrfitit

kififit
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Bioindicator

Biodiversity

Measurement of functional diversity

Must identify to species level and apply knowledge of functional roles to classifying species - for plants by
morphology, for animals either by trophic or engineering activities (depending on the function of interest).
Can classify broadly (e.g. predators, herbivores, etc) or more finely (e.g. shredders, grazers, etc.). Physio-
logical performance and survival, i.e. capacity of persistence in an ecosystem are determined in model- or
indicator-organisms in response to environmental changes such as temperature, eutrophication or UV-
radiation.

Local to regional. Pan European comparisons aimed at environmental gradients, e.g. latitudinal/climatic, sa-
linity, trophic environment, pollution.

Aimed to reflect diversify in terms of functional roles to emphasise functional relationships and changes in
functionality of system rather than its taxonomic structure. Under this term, functionality of species regards
adaptive strategies with respect to environmental changes is also investigated. Environmental managers
concerned with sustaining ecosystem function. EIA. Scientific interest.

Full species list and knowledge of functional roles. Experimental, on physiological performance.

Available in the literature. Flora easier to classify than fauna. Physiological data in literature, partly not well
enough ecologically oriented.

Initially expensive in terms of labour - collecting samples. Experimentation, analysis needs specialised
equipment.

Initially need expertise on jdentification and general biology/life history (ethology, physiology, biochemistry,
anatomy, and ecosystem).

Proportions of functional groups and predictions of ecosystem functional integrity.
Initially time-consuming but subsequently fast, on comparative basis.

Hilly in Brittany on rocky shore fauna. M. Tobin on Yorkshire coast flora on rocky shores. F. Buchholz on
climatic gradients in pelagic systems.

Makes connection between diversify and ecosystem functioning / 'goods and services'. Powerful tool to in-
tegrate scientific knowledge into measures relevant to management.

Lack of information for assigning functional roles. Subjectivity in assigning functional roles. Possibility of dif-
ferent levels of classification. Multi-factorial analysis difficult. Technique under development.

Scientific basis reasonably well established, but application to biodiversity assessment/ management not
yet appraised.

Buchholz, F; David, P; Matthews, J; Mayzaud, P; Patarnello, (1998) Impact of a climatic gradient on the
physiological ecology of a pelagic crustacean (PEP) Third European Marine Science and Technology Con-
ference (MAST Conference), Lisbon, 23-27 May 1998: Project Synopses Vol. 1: Marine Systems, pp. 39-
47. Steneck, RS; Dethier, MN, (1994) Afunctional group approach to the structure of algal-dominated
communities Oikos, 69 (3): 476-498
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Bioindicator

Biodiversity

Selected highertaxon ortaxa

Uses one or a subset of taxonomic groups (e.g. Terebellidae, Malacostraca, sea birds, mammals) to repre-
sent total biodiversity.

Comparisons possible at all scales

Biodiversity assessment, environmental management. Aims to concentrate efforts on a tractable taxon with
well-known taxonomy / easy sampling. Well-established technique in terrestrial literature.

Quantitative or semi-quantitative data on selected taxonomic group(s)

Many existing data sets

Cost-effective

Need initial expertise, but can cheaply train non-specialists due to restricted focus

Detailed data on focal group, considered to represent all
Much faster than full survey

Many terrestrial examples. Marine examples include Terebellidae, Ostracoda, Pericaridae, sea birds and
mammals.

Quick, cheap, informative, can also link with functional approach. If well-calibrated can be very powerful

Needs to be calibrated in each new context.

Plenty in terrestrial literature, e.g. Oliver and Beattie, 1996. Some in marine, but needs further testing.

Oliver and Beattie, 1996; Hull 1998,1999

Can also use ratios of different taxa, e.g. Bellan. As an indicator of total biodiversity still needs to be vali-
dated.

Kkitit
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Bioindicator

Biodiversity

Recording conspicuous species by visual methods

Use relatively superficial survey to record only the conspicuous species (e.g. cover of fucoids algae, mus-
sels, sponges, etc.).

Sample to region

Originated in diver-based surveys to make optimal use of limited sampling time by focussing on large, eas-
ily seen and recognised taxa. Frequent, low intensity surveys as part of extensive long-term research/
monitoring. Also suited to inaccessible habitats / photographic surveys.

Ideally some knowledge of relationship between conspicuous and cryptic diversity.

Cheap

Once the programme has been designed, data can be collected by relatively unskilled researchers. Suit-
able for community group involvement in monitoring.

Fast

Large species such as Pinna nobilis in Posidonia beds.

Very quick and cheap so able to study many sites at high frequency
Crude - may not be representative of variation in cryptic fauna - needs calibration.

Report to JNCC - John Moore Plymouth Sound monitoring survey
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Bioindicator

Biodiversity

Genetic markers

Genetic diversity is measured by analysing isoenzyme or DNA allelopatterns. Indicates the variety in genes
within and between species. It is generally considered that higher heterozygosity is related with better per-

formance of organisms/species, low heterozygosity is related with loss in diversity and loss of capability to

cope with stress.

Local to pan European
key species
Frequency of alleles for 7 polymorphic isoenzymes or DNA tracers in 30 to 40 specimens per population

Many studies on key species available

Per population 200 Euro

Skilled technician

Powerful comparison between (spatial and temporal differences in) level of genetic diversity between popu-
lations

One day per population

Hummel, H., C. Amiard-Triquet, G. Bachelet, M. Desprez, J. Marchand, B. Sylvand, J.C. Amiard, H. Ry-
barczyk, R.H. Bogaards and L. de Wolf, 1997. Comparison of ecophysiological, biochemical and genetic
traits in the estuarine bivalve Macoma balthica from areas between the Netherlands and its southern limits
(Gironde): Geographic clines parallel effects of starvation and copper exposure. L.E. Hawkins & S. Hut-
chinson (ed.). Proceeding 30th EMBS. University of Southampton, pp 15-20

Accurate indication of genetic diversity, and on changes in diversity. Monitoring of invasive taxa and of
aquaculture escapees. Biodiversity assessment of very small sized organisms (e.g. bacteria, nano-
plankton, ...)

At wide scale studies time consuming, and costly in case DNA tracers are used

Scientific basis well established

LANDE, R., 1988. Genetics and demography in biological conservation. Science 241, 1455-1460. BEAU-
MONT, A.R. (Ed.), 1994. Genetics and Evolution of Aquatic Organisms. Chapman & Haii, London. Moritz,
C., 1994. Applications of mitochondrial DNA analysis in conservation: a critical review. Mol. Ecol. 3,401 -
411. RAYMOND, M., VAANTO , R.L., THOMAS, F., ROUSSET, F., DE MEEUS, T., RENAUD, F., 1997.
Heterozygote deficiency in the mussel Mytilus edulis species complex revisited. Mar. Ecol.: Prog. Ser. 156,
225-237. AVISE, J.C., 1998. Conservation genetics in the marine realm. J. Hered. 89, 377-382. CAR-
VALHO, G.R., 1998. Advances in molecular ecology NATO Sciences Series. Serie A: Life Sciences, vol.
306.10S Press, Amsterdam. DAVID, P., 1998. Heterozygosity-fitness correlations: new perspectives on old
problems. Heredity 80, 531-537. HOLLAND BS (2000) Genetics of marine bioinvasions. Hydrobiologia 420: 63-
71. HUMMEL, H., F. COLUCCI, R.H. BOGAARDS & P. STRELKOV, 2001. Genetic traits in the bivalve
Mytilus from Europe, with an emphasis on Arctic populations. Polar Biol. 24: 44-52. FERAL J.-P. 2002 -
How useful are the genetic markers in attempts to understand and manage marine biodiversity. J. Exp.
Mar. Biol. Ecol. 268:121-145

Powerful at all biological integration levels
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Legend used for the indicators
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Method

Remote observation

Aerial photography

Intertidal resource mapping using aerial photographs. Shore mapping aims to create maps showing the dis-
tribution of biotopes and habitats along with associated information, such as the occurrence of rare species,
details of habitat, etc. Biotopes located on the shore are matched to features shown on recent colour aerial
photographs (corrected to allow an Ordnance Survey grid overlay) or through the use of cliff top or transect
photography.

Pan-European

Cliff top and transect photography is used for mapping algal communities in the intertidal and littoral areas.
Biotope mapping for Environmental Impact Assessment. To develop replicable ground sampling techniques
suitable for use in a long-term. Attributes measurable by shore mapping: ¢ distribution of individual or
groups of biotopes, biotope complexes and life forms present in an area « extent of individual or groups of
biotopes, biotope complexes and life forms present in an area ¢ diversity of biotopes present in an area *
other attributes attached to polygons in the form of target notes, such as species information, condition of
biotopes (Bunker and Bunker 1998) and sensitivity (Cooke and McMath 2000) Although not essential, the
use of GIS, especially when linked to a database, greatly facilitates measuring of various attributes of shore
mapping.

Low tide and a suitable platform, conditions and/or availability of aerial photography.

Clipboard, scanned aerial photographs, maps (enlarged if necessary), field notebook for recording biotopes,
target notes and shore profiles, recording forms, collecting equipment for voucher specimens, camera,
compass and hand-held differential GPS, basic safety equipment including mobile phone, VHF radio, per-
sonal protective clothing, first aid kit, life jacket, tide tables, etc

Aerial photography is widely available although can be expensive. Low tide photography is less available
and may need to be specifically taken

Low for data collection if taking cliff top photography or

Two people including one person knowing how to take photos.

The images are downloaded to a computer and layered and merged using a graphics processor to produce
a set of mosaic view images which can be used for a GIS. Images perspective is corrected using SigmaS-
can. Once the images have been merged and stretched, the resulting mosaic image is rectified to produce
an overhead image of the site. End products by necessity depend on study requirements. It is important to
ensure that the GIS and associated database can be interrogated for required information prior to entering
data. Commonly required products include printouts of biotope maps, together with data tables of associ-
ated information (e.g. target notes) and a written discussion. For monitoring purposes, precise details of the
methodology will be required for future surveys. Electronic copies of the maps, database, etc. are perhaps
the most important data products.

Rapid (1-2 days) depending on area to be covered

Flamborough Flead (England).East coast of Ireland (www.ecoserve.ie/projects/sensmap).UK coastline

Non-destructive, can provide information for large and small areas, Provides pictures easier to interpret by
anybody and can be more effective than data when explaining features to non-specialists, Can be carried
out by non-biologists (e.g. local staff or volunteers), Cheap and quick, images are permanent (if stored
properly) and can be interpreted at a later date. Gives an overview of the dominant assemblages and the
range of habitats present. The maps can show the overall distribution of biotopes over large areas of shore-
line and can be invaluable for developing resource management and monitoring strategies. The maps can
highlight and help quantify large-scale changes in biotope distribution. Aerial photograph interpretation is a
tried and tested technique. Data stored in a GIS are more flexible and can be interrogated in a number of
ways. Entering field data directly to a PC has several advantages. As well as being quick, it cuts out
sources of error, which can be created by in-between paper stages.
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Does not provide any reliable quantitative data. The colour maps produced on a GIS can appear impres-
sive, but their accuracy together with the biotope boundaries must always be scrutinised. Many shore spe-
cies and communities occur along a continuum and therefore biotope boundaries are often artificial and
subjective. Mapping biotopes with strict adherence to a national classification (Connor et al. 1997) may not
take account of regional characteristics. So it is essential that proper local descriptions are prepared. Small
features or species of interest may be overlooked where a large area is being studied. For example, inter-
tidal Zostera plants may virtually disappear from sediment flats due to winter dieback and grazing by wild-
fowl (Perrins and Bunker 1998) and the low density may be missed by ground validation. It is difficult to rep-
resent the quality of a biotope. The importance of target notes and quantitative studies associated with
mapped biotopes is stressed. An important biotope may not be a mappable unit resolved by the aerial pho-
tograph. Photographs may not be taken at the same time as the survey, particularly at low water. However,
it is important to use recent aerial photographs. On sediment shores, features can shift over short time
scales (between tides in some cases) and this will affect the accuracy of maps produced (see discussion in
Perrins and Bunker 1998). The aerial photographs available to a study may not be of high enough resolu-
tion or quality for shore mapping.

Moore, J 2000. Fixed viewpoint photography. Procedural Guideline 1-2, Marine Monitoring Handbook.
Moore, J J, Taylor, P & Hiscock, K. (1995) Rocky shores monitoring programme (Sullom Voe, Shetland).
Proceedings of the Royal Society of Edinburgh, 103B, 181-200. Bunker, F St P D and Bunker, A (1997)
Biotope studies on selected rocky shores of South Pembrokeshire following the Sea Empress Oil Spill. Un-
published report to the Countryside Council for Wales, Bangor. Bunker, F St P D and Foster-Smith, R L
(1996) Field Guide for Phase | Seashore Mapping. BioMar. Connor, D W, Brazier, D P, Hill, T O and
Northen, K O (1997) Marine Nature Conservation Review: marine biotope classification for Britain and Ire-
land. Volume 1. Littoral biotopes. Version 97.06. JNCC Report, No. 249. Joint Nature Conservation Com-
mittee, Peterborough. Cooke, A and McMath, A (1998) SENSMAP: Development of a protocol for assess-
ing and mapping the sensitivity of marine species and benthos to maritime activities. Working draft, CCW
marine report: 98/6/1. Countryside Council for Wales, Bangor. English Nature (1999) UK Biodiversity
Group, Tranche Il Action Plans, Volume Il - terrestrial and freshwater habitats. English Nature, Peterbor-
oughWyn (2000). Perrins and Bunker (1997). Emblow, C. S., Costello, M. J. & Wyn, G. 1998. Methods for
mapping seashore and seabed biotopes in Wales and Ireland - INTERREG SensMap project. In: Emer-
gency response planning: saving the environment: 51-58.

Proper planning of fieldwork is essential for efficient use of the limited time the whole shore is uncovered.
As a guide, effective shore mapping work can be carried out for a maximum of4 hours (2 hours either side
of low water) in any period of one low water. Fieldwork should only be carried out during the two to three
days either side of spring tides.

U rfitit

( ™ ™ M for habitat diversity)
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Remote observation

Satellite imagery

Colour image analysis In determined wavelengths of the Ocean surface allows for the analysis of pigment
diversity. This can act as an indicator of plankton diversity and abundance.

Pan-European
Plankton, chlorophyll, long term, sea surface. Pelagic area.

No cloud cover.

Satellite information, ground station and workstation.

Expensive

Images with ocean colour patterns
After establishing a routine the information is almost on-line.

Used widely for the ocean.

It allows for the long term monitoring of large areas.

Low resolution requires proper calibration, high tech solution required.

Biodiversity indicator value not tested yet in DOP, only as productivity indicator.

rf rfit

itit
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Remote observation

Acoustic ground discrimination systems (RoxAnn, QIC,
Echoplus)

AGDS is an electronic signal processing system connected to the transducer of a conventional echo-
sounder in parallel with the existing display. The system functions by processing the echoes returned from
the sea bed to derive values for the physical nature of the sea floor [RoxAnn calculates 'roughness' (ie. to-
pographic irregularity) and 'hardness' (ie. substratum type, rock/sand/mud etc.)]. By plotting these functions
against each other and integrating this information with values for water depth, a detailed map of the distri-
bution of substratum types in a survey area can be produced. Extensive ground validation is required to link
substrata with biological assemblages

Pan-European
Community descriptor, Biogeography for littoral and intertidal zones of all habitats.

Relatively calm sea state; high turbidity may affect system.

Suitable vessel

Expensive

Georeferenced point data of seabed characteristics. Data can be interpolated to create a continuous cover-
age

It has been used in surveys of several candidate SACs, including Strangford Lough (Magorrian et al.,
1995), Loch nam Madadh (Entec, 1996), the Sound of Arisaig (Davies et al., 1996) and the Berwick-
shire/North Northumberland Coast (Foster-Smith et al., 1996). In all of these areas, sedimentary biotopes
with sea pens and burrowing megafauna were identified and mapped. This aspect of marine technology is
evolving rapidly, and other comparable acoustic systems will

The great advantage of AGDS is that information on substratum types over wide expanses of sea floor (ie.
on a scale of tens of kilometres) can be gathered very rapidly, in far less time than it would take to collect
and analyse grab samples over such an area (Sotheran et ai., 1997; Greenstreet et al.,, 1997). In addition,
the system is sensitive not only to the physical characteristics of the substratum, but also to certain biotic
characteristics such as the presence of organisms projecting above the sea bed, or to the presence of large
burrows in the sediment. The technique therefore clearly has enormous potential for rapid mapping of ma-
rine biotopes. No depth (within coastal waters) or time limitations. Allows substrata to be mapped rapidly
over large areas. Water turbidity unimportant

RoxAnn™ data cannot be used in isolation. The substratum types distinguished by the system in its present
form must be ‘ground-truthed’, ie. checked by analysis of grab samples, diver survey or photographic ob-
servations. In some cases the system distinguishes more sediment ‘types’ than can be recognized by tradi-
tional particle size analysis (Greenstreet et al., 1997). Although broad biotope categories can be identified,
their precise species composition must still be determined by other means. Equipment needs a hard boat to
operate. May be unable to access very shallow waters or enclosed inlets. Equipment very expensive. Re-
sults need to be ‘ground-truthed’ by other methods (eg. grab sampling, towed video). Does not provide de-
tails of biological community composition or species abundance. Not able to collect benthic samples

Brown etal - CEFAS report Chivers, RC, Emerson, N, and Burns, D R (1990) New acoustic processing for
underway surveying. Hydrographic Journal, 56,9-17. Collins, W, Gregory, R and Anderson, J (1996) A
digital approach to seabed classification. Sea Technology, 37,83-87. Davies J., Foster-Smith, R Sea Tech-
nology Sotheran, | S, Foster-Smith, R L and Davies, J (1997) Mapping of marine benthic habitats using im-
age processing techniques within a raster-based geographic information system. Estuarine, Coastal and
Shelf Science, 44 (SupplementA), 25-31.

Doubtless become available in the near future.
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Remote observation

Remotely-operated vehicles (ROVs)

ROVs are video camera systems mounted in a compact submersible vehicle whose movements are con-
trolled by a surface operator via an umbilical cable (Auster, 1993). The capacities of ROVs are in some re-
spects intermediate between those of SCUBA diving and towed video. Operations are free from the depth
and time constraints imposed on human divers, but have a radius of operation defined by the length of the
umbilical cable. Surveying outside this radius is achieved by moving the support vessel. An ROV has the
advantage over towed video of being able to hover over a selected point or ‘retrace its steps’, allowing the
operator to closely examine a feature of interest. However, quantification of features on the sea bed is more
difficult than from a towed video recording, as an ROV does not always remain at a fixed distance from the
substratum, and the field of view may therefore change. Because the movements of the ROV are controlled
by the surface operator, surveys using this method are by nature more selective than video transects, and
so may not give a representative view of the sea floor characters. Some models of ROV have mechanical
‘arms’ controlled by the surface operator and so have the capacity to take benthic samples.

Pan-European

Mapping underwater biotops, sea bed features, short term, Taxonomic inventories, Rare endemic species,
Invasive taxa, emblematic species, community descriptor, biogeography, broad community indices.
Adapted to all habitats.

No turbidity

Hard boat, ROV and connections

Expensive
Video images
Rapid (1-2 days)

No published examples. Widely used in the offshore oil and gas industry

No time constraints. Depth range limited by length of umbilical but most models can access depths likely to
be encountered in UK coastal waters Able to cover wide areas (relative to capacity of human divers) Mobil-
ity allows close-up examination of sea bed Give much information on sea bed topography and burrow types
present Deployment areas less restricted than towed video. Can be used over mixed substrata or in areas
with submarine obstructions Some models able to collect benthic samples

Taxonomic resolution is limited to generally large conspicuous species. Equipment needs a hard boat to
operate. May be unable to access very shallow waters or enclosed inlets. Opperating in deep environments
is difficult because of the long umbilical line, especially in very hydrodinamical areas. Equipment very ex-
pensive. Precise quantification of sea bed features difficult due to changes in field of view. Effectiveness
can be limited by water turbidity (the ROV motors themselves may disturb the bottom sediments). Provide
only limited information on smaller sediment fauna. Sampling of sea floor features is non-random

Video images provide a permanent data source that can be re-analysed at a later time.
U U 'k
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Remote observation

Sea-bed habitat mapping using side-scan sonar

Sidescan sonar has been defined as an acoustic imaging device used to provide wide-area, high-resolution
pictures of the seabed. The system typically consists of an underwater transducer connected via a cable to
a shipboard recording device. In basic operation, the sidescan sonar recorder charges capacitors in the tow
fish through the cable. On command from the recorder the stored power is discharged through the trans-
ducers, which in turn emit the acoustic signal. The emitting lobe of sonar energy (narrow in azimuth) has a
beam geometry that insonifies a wide swath of the seabed particularly when operated at relatively low fre-
quencies, e.g. <100kHz. Then over a very short period of time (from a few milliseconds up to one second)
the returning echoes from the seafloor are received by the transducers, amplified on a time-varied gain
curve and then transmitted up to the recording unit. Modern high (generally dual) frequency digital sidescan
sonar devices offer very high resolution images of the seabed that can detect objects in the order of tens of
centimetres at a range of up to 100m either side of the towfish (total swath width 200m), although the pre-
cise accuracy will depend on a number of factors.

Pan-European
Mapping of sea-bed on large areas down to more than 100m of all habitats.

Relatively calm conditions with little water movement

One boat plus a side-scan.

One operator for the side scan; experienced interpreters required for analysis

From thermal records a seabed feature and/or sediment distribution plan is typically produced. These
should be annotated with information on the dimensions of targets such as sand waves. This may be aug-
mented by images showing features of interest that have been scanned in to a computer and added to the
plan(s). Typical output from digitally collected data may include the following: Mosaic of data annotated with
features of interest, supplied as both a paper chart and in digital format correct for insertion into a GIS sys-
tem (GeoTiff files). Magnified and enhanced images of particular features of interest supplied both in paper
and GIS compatible format. Plan of sediment type distribution supplied as a hard copy chart and in GIS
compatible digital format.

Port-Cros, Azores; widely used in offshore exploration industry, military and by national geological surveys -
geological sediment maps often based on sidescan sonar. AFEN project for West of Shetland

Due to the relatively large swath produced by sidescan at lower frequencies it is possible to cover relatively
large areas of the seabed in a relatively short period of time. An almost photorealistic picture of the seabed
can be generated as individual survey tracks are mosaiced together and like a photograph the raw acoustic
data ‘speaks for itself, which is why sidescan sonars are sometimes referred to as self-calibrating The qual-
ity of the data are not affected by changes in the depth of water since the sonar fish is towed at a fixed
height above the seabed at all times. As it is very sensitive to disturbances in the water column, it is also
used for hydrothermal vent detection in shallow areas.

The system only resolves the physical habitat except for biological assemblages with high sonar reflectivity
- biogenic reefs such as mussel beds. The grey-scale (or signal amplitude) between swaths covering the
same area of seabed is often noticeably different, particularly when the orientation of the sonar to the target
feature varies., Large amounts of data are typically generated. The size of the data files also necessitates
powerful computers. In extremely high slopes or topographycally complex areas the data is very complex to
analyse. Difficult to resolve some habitat types - expert interpretation is required.

Reports of the AFEN project, west Shetland (links from SOC and GeoTek web sites). Kenny, A et al. (2000)
An overview of seabed mapping technologies in the context of marine habitat classification. ICES Annual
Science Conference September 2000: Theme session on classification and mapping of marine habitats.
Paper CM 2000/T:10. UK Marine SACs Project. (2001) Marine Monitoring Handbook 1-4.

A useful technique for giving and overview of a large area but the resolution is limited to physical habitat.
Images require expert identification and ground validation
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Remote observation

Sediment Profile Imagery

Sediment Profile Imagery, or SPI, is an innovative and cost-efficient method of surveying and/or monitoring
marine aquatic environments with a view to establishing the environmental status of these habitats or as
part of a site inventory study. SPI is based on single lens reflex (SLR) camera photography and computer-
based image analysis which greatly accelerates the data acquisition.

Pan-European

To identify different seabed types and redox status (in relation to organic enrichment gradients)To identify
sediment type and bed forms. To identify habitat quality (in relation to physical disturbance and deoxygen-
tion).

Sediment profile camera: This can be diver held or remotely operated on a frame lowered from a boat
.Ideally, the surface of the sediment should also be photographed using a separate camera (by the diver)or
a camera mounted on the remotely-operated frame before it touches the seabed. .Survey vessel: A vessel
with lifting equipment is required, preferably an A-frame at the stern, with suitable winch gear.

Full diving team if diver operated and an appropriate boat and crew.

Photographs are analysed to extract the depth of penetration, redox discontinuity level and voids(number
and size of vesicles, presence and absences). Improved interpretation of photographs can be obtained by
using computerised image analysis (digitisation and enhancement). The exact analyses will depend on the
type of information required. More detailed descriptions are presented athttp://www.aquafact.ie/SP12.html
and http://www.courses.vcu.edu/ENG-esh/diaz/diaz_services.htm.

Field: About 30 stations a day from a boat. A diver could sample 10 stations with 3 images at each, along a
transect. Laboratory: Each enhanced image takes approximately 5 minutes to analyse.

Rapid deployment whether by diver or boat. Permanent images of the sea bed profile. No physical sample
analysis required. Turn-around to report very rapid

Only works on mud or muddy sand sediments without subsurface obstructions. Samples not available for
identification of fauna or sediment particle size (ground truthing or quantitative analysis).Sediment may
smear on faceplate and make interpretation difficult. Equipment may flood

Information taken in the Marine Monitoring Handbook, Procedural Guideline No.2-2, SPI. Germano, J D
(1983) High resolution sediment profiling with REMOTS camera system. Sea Technology 24(12),35-41.
Grizzle, RE and Penniman, C A (1991) Effects of organic enrichment on estuarine macrofaunal benthos: a
comparison of sediment profile imaging and traditional methods. Marine Ecology Progress Series, 74,249—
262. Nilsson, H C and Rosenberg, R (1997) Benthic habitat quality assessment of an oxygen stressed fjord
by surface and sediment profile images. Journal of Marine Systems, 11,249-264. O’Connor, B D S, Costel-
loe, J, Keegan, B F and Rhoads, D C (1989) The use of REMOTS technology in monitoring coastal enrich-
ment resulting from mariculture. Marine Pollution Bulletin, 20(8), 384-390. Rhoads, D C and Germano, J D
(1982) Characterisation of organism-sediment relations using sediment profile imaging: an efficient method
of remote ecological monitoring of the seafloor (REMOTS system). Marine Ecology Progress Series, 8,
115-128. Rumohr, H and Schomann, H (1992) REMOTS sediment profiles around an exploratory drilling

rig in the southern North Sea. Marine Ecology Progress Series, 91,303-311.
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Remote observation

Assessment of cetaceans using hydrophones

One of the greatest problems in assessing cetacean populations is the difficulty in finding the animals, ei-
ther because of poor sea conditions, species behaviour or both. Sound travels better through water than air
and at least most, if not all, cetaceans rely on acoustics both for communication and detection of cues from
their environment. As most species vocalise frequently, researchers have been developing acoustic meth-
ods for cetacean detection, with several advantages. Acoustic methods can be used both during day and
nigh time, at most weather conditions and can detect animals that are not at the surface and thus unavail-
able to sighting methods. With the development of more powerful computers that enable the acquisition and
analysis of large quantities of acoustic information, the use of these techniques have become generalized
and the relation between efficiency and costs have increased significantly.

Regional
Cetaceans, up to 5000 meters, from coastal to pelagic

Vessel with accommodation for crew and two or more researchers, acquisition and analysis equipment and
software, specialised researchers for data acquisition and analysis.

Four elements towed hydrophone array; DAT Recorder; Computer for sound analysis; Specialised soft-
ware;

Vocalisations and écholocation sounds.

As explained above, cetaceans heavily rely on sound to interact with their environment, and thus sounds
are normally associated with their presence, making this an highly efficient method.

EURO 50000/year

4 (one operator; one data annalist; two crew members)

Distribution plots, relative and/or total abundance; movement plots; 3D positioning; spectrograms enabling
stock or population identification;

5 days/month. Data can cover from days to years

Stock assessment of cetaceans in Antarctica, Europe and America. Ecology and behaviour studies by sev-
eral research teams.

Highly effective with relatively low costs.

Not known

Buckland, S. T. (1996) The potential role of acoustic surveys in estimating the abundance of cetacean
populations. In: Reports ofthe Cetacean Acoustic Assessment Workshop, 1996, Hobart, Tasma-
nia..Thomas, J. A., Fisher, S. R., Ferm, L. M., Holt, R. S. (1986) Acoustic detection of cetaceans using a
towed array of hydrophones. Report ofthe International Whaling Commission (special issue 8), 139-148.
Pavan, G. Borsani, J. F. (1997) Bioacoustic research on cetaceans in the Mediterranean Sea. Maine and
Freshwater Behaviour and Physiology, 30,99-123. Gordon, J., Gillespie, D., Chappell, O., Hiby, L. (1998)
Potential uses of automated passive acoustic techniques to determine porpoise distribution and abundance
in the Baltic Sea. In: 5thmeeting ofthe Advisory Committee ofASCOBANS, Hel, Poland. Evans, P. G,
Raga, J. A. eds. (2001) Marine Mammals Biology and Conservation.. Kluwer Academic/Plenum Publishers,
London, 630 pp.
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Remote observation

Assessment offish using echo sounding

Echo sounding / Echo integration has been used as a tool for unselectively and remotely sample a large
fraction of aquatic ecosystems. In fisheries it as been mostly used for studies of abundance/density, spatial
distribution and behaviour of selected pelagic finfish species. It is one of the few techniques that is able to
perform direct observation and quantitative measurements on fish in situ..

Regional
Usually pelagic species, up to 500m depths, but it can go deeper using lowered transducer methods

For stock assessment it is required knowledge of the target strength to length relationship and adequate
capability of biological sampling. Relatively calm sea-state. Operation under relatively bad weather condi-
tions, or for looking at greater depths, require a towed body.

Echo sounder, echo integrator, towed body, software for signal acquisition/processing and adequate bio-
logical sampling gears

5000 € /year

4 (1 sonar operator, 1data annalist, 2 crew)

The typical output consists in echograms that can be analysed visually or processed
Hours

See above. Used for the stock assessment of several exploited finfish species in the Atlantic (e.g. herring,
capelin, blue whiting, sardine, pollock, redfish, etc.) and in the Pacific

Quick covering/monitoring of large areas

Several sources of uncertainty related with the Target Strength values in situ and with fish behaviour

Anonymous - ICES Fisheries Technology Committee, reports of the Working Group on Fisheries Acoustics
Science and Technology.Johannesson, K. A. and R. B. Mitson (1983) - Fisheries acoustics: a practical
manual for aquatic biomass estimation. FAO Fish. Tech. Pap., (240):249p.

UUkk

k k k

49



Tool Class
Tool Type

Name

Summary

Geographic Scale
Targets

Conditions needed
for application

Material requested
Data needed

Assessment of
likely data availabil

ity
Costs involved

Human resource
involved

Data generated
Time Frame

Examples of im-
plementation

Points FOR

Points AGAINST

Appraisals

Literature

Remarks

State of validation

Recommendation

Method

Remote observation

Assessment of mammals using echo sounding

Echo sounding has been used to study behavior of marine mammals by some authors. Tracking of dives
using sonars has been used to study the diving behaviour of individuals, for some species of odontocete
and mysticete whales. Zimmer and others have used passive sonar to determine the diving behavior of a
sperm whale (Physetermacrocephalus). Two sperm whales tagged with acoustic transponder tags were
tracked by sonar by Watkins and others and Hooker calculated the maximum depth of diving of bottlenose
whales in the Gully using both attached time-depth recorder/VHF radio tags and sonar. Ridoux and others
tested the use of a multibeam sonar for fine-scale studies of the foraging activity of bottlenose dolphins.
Echo sounding can also be used to study associations between cetaceans and fishes, giving indirect data
on possible prey.

Pan-european
Cetacean diving behaviour

Calm sea

Echo sounder and boat

5000 EUR/year

4 (1 sonar operator, 1data annalist, 2 crew)

Graphics of time-depth dives of cetaceans, as well as association with fish schools.
Hours

As explained above

The use of tags to study diving behaviour of cetaceans is effective but very expensive, thus making that
most works are done with few animals. Sonar technology is cheaper, being possible the use of the same
equipment with unlimited number of animals and time. On the other hand, tags do not give information on
the presence of other organisms, like possible preys or individuals of the same species, which is possible to
obtain with sonar.

Most Highly Negative Effects: Cetaceans are heavily dependent on sound and depending on the fre-
quency and/or energies used the behaviour of the subjects may be changed. High energies at given fre-
quencies are believed to cause acoustic trauma in some cetacean species.

Hooker, Sascha K. Resource and habitat use of northern bottlenose whales in the Gully: ecology, diving
and ranging behaviour [Ph.D. dissertation], Halifax, Nova Scotia: Dalhousie University; 1999,211 pp. Ri-
doux, Vincent; Guinet, Christophe; Liret, Céline; Cretan, Pol; Steenstrup, Resen, and Beauplet, Gwenaél. A
video sonar as a new tool to study marine mammals in the wild: measurements of dolphin swimming speed.
Marine Mammal Science. 1997; 13(2):196-206. ISSN: 0824-0469. Watkins, William A.; Daher, Mary Ann;
Fristrup, Kurt M.; Howald, Terrance J., and di Sciara, Giuseppe Notarbartolo. Sperm whales tagged with
transponders and tracked underwater by sonar. Marine Mammal Science. 1993; 9(1):55-67. ISSN: 0824-
0469.
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Biodiversity

Soft-boflom macrobenthic fauna: sampling and sample
processing

Soft bottom sediments sampled using standard methods and sampling areas. Fauna captured is identified,
either quantitatively (all individuals in all taxa counted) or semi-quantitatively (all or selected taxa identified
and relative abundances e.g. on 4-point scale). Resulting faunal lists analysed in terms of distribution,
abundances, diversity patterns etc. and interpreted using expert knowledge of what the observed patterns
tell about the environment. Can be done statistically or intuitively, depending on objectives.

Sample to Region

Standardised sampling and sample processing provides the data needed for further benthic faunal analyses
or ATBI. Target: research and environmental management.

Station positions and taxon inventories if previous survey carried out in area. Not needed for "first-time" in-
vestigations.

Possible existing data from previous surveys.

Cheap to expensive, depending on level of detail required.

Needs benthic faunal expert to make identifications and assessments. Skills easily taught at low level of
resolution, increasing skills required with increasing taxonomic resolution.

Inventory (quantitative or semi-quantitative eg. abundance classes) of all or selected benthic fauna in sam-
ples, at chosen level of detail.

Fast (same-day results) to labour intensive (weeks) depending on level of detail.

Widely implemented in Norway for aquaculture impact monitoring, also municipal effluents etc. Over a set
"threshold" level of impact, a fully quantitative survey is required by the authorities.

Sensitive method for biodiversity research and management; large variety of uses for environmental status
assessment and long-term monitoring. Produces valuable specimen collections for taxonomic research
(depending on financial scope and priorities).

Integration of data sets produced by different institutes depends on standardised methodology being used.
Identifications need standardised by ring testing; not all countries participate in this.

Method is applicable from shallow waters to deep sea; limiting factor is equipment.

ISO 16665 (TC 147/SC5/WG11, currently DIS, final release 2003). Also technical and scientific references
therein

Method is dependent on standardised methodology; applies both to quantitative and semi-quantitative ap-
proaches. Among the earliest European soft-bottom macrofaunal studies are Petersen (1914). Utility of the
method as a tool outlined in Pearson & Rosenberg (1978), validated and refined in numerous publications
since then.
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Biodiversity

Hard-bottom benthic fauna: sampling and sample proc-
essing

Hard bottom organisms either sampled by destructive methods (suction sampling or scraping) or non-
destructively assessed by still or video photography or diver censes (transect or fixed stations). Sampled
organisms processed as for soft-bottom. Images quantified as far as possible (organisms identified and %
area covered analysed, often via. digital recognition). Resulting faunal lists analysed in terms of distribution,
abundances, diversity patterns etc. and interpreted using expert knowledge of what the observed patterns
tell about the environment.

Sample to Region

Environmental management, biodiversity status assessment and mapping, also data input for taxonomic
distinctness method.

Station positions and taxon inventories if previous survey carried out in area. Photographic material and
census data.

Possible existing data from previous surveys.

Cheap to expensive, depending on level of detail required and method in use. Main costs in diver and
equipment fees. Analysis of photographic material is usually cheaper than analysis of samples taken by
quadrate sampling

Needs benthic faunal expert to make identifications and assessments. Skills easily taught at low level of
resolution, increasing skills required with increasing taxonomic resolution. 3 divers with required certificates
or remote equipment with operator is needed as a minimum.

Semi-quantitative or qualitative list of in-situ determined benthic taxa. Also relative abundance (eg. on 4-
point scale). If quadrate sampling quantitative analysis is possible.

Fast for general lists, longer time scale for digital work or sample identification in the laboratory.

Sampling and analyses on rocky shores, underwater slopes or vertical cliffs (transect along faunal succes-
sion gradients). Used for mapping and detection of change. Implemented in Norway for municipal and in-
dustrial effluents etc. (in combination with soft bottom macrobenthic fauna analyses).

Quick, "photogenic" (eg organisms often highly visible). Method for biodiversity research and management;
used for environmental status assessment and long-term monitoring. Produces valuable specimen collec-
tions for taxonomic research (from destructive samples).

Limited by diving resources or availability of remote equipment. Ring testing and standardisation of meth-
ods should be done.

Method covers only top-layer organisms and if photographic method or diver census is used it is limited to
those species that are easily visible. Details depend widely on quality of equipment (photographic resolution
etc.) or expertise of personnel (the latter counts also for destructive sampling).

NS 9424,2002 (going to be published in English in the near future); JNCC Marine Monitoring Handbook,
2001

Method is dependent on standardised methodology; applies both to quantitative and semi-quantitative ap-
proaches.
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Biodiversity

Epibenthic sampling using dredges or trawls

Epibenthic organisms are collected by a trawl or dredge. Data are recorded for a standard distance over the
seabed.

Local to region
Comparison of spatial and temporal changes in diversity
Simple quantitative species lists

Detailed studies have been made in Westerschelde estuary by Ghent University and NIOO-CEME

Costs of ships and gear

Several fte per location

Relationships of (functional) groups and taxa of epibenthos. Changes reflect impact of salinity and tempera-
ture

Days to months

Westerschelde, Scottish and Belgian coast

Easy to handle; link with fish research

Cost intensive

Attrill & Thomas 1996. Long term distribution patterns of mobile estuarine invertebrates in relation to hydro-
logical parameters. MEPS 143 :25-36. Holme & Macintyre. Beijst et al 2002. Factors influencing the spatial
variation in fish and macrocrustacean communities in the surf zone of sandy beaches in Belgium. JMBA 82
: 181-187. Gibson et al 1993. Seasonal and annual variations in abundance and species composition of fish
and macrocrustacean communities on a Scottisch sandy beach. MEPS 98 :89-105. Oyugi 1999. Diversity,
abundance and community structure of benthic ichthyofauna and crustaceans in the North Sea. MSc thesis,
University Hent.
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Biotic indicators of environment state

Legend used for the indicators
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A AN A
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Environmental state

The log normal distribution

Unimpacted communities have a log normal distribution of the numbers of individuals among species, so
that cumulative percentage of species abundance on a probability scale plotted against geometric abun-
dance classes produces a linear plot. Deviation from this in the form of a break or breaks in the line is con-
sidered to characterise perturbation.

Local
Local environmental impact assessment.
Accurate quantitative data (abundances) on all species in the assemblage.

A lot of data available in environmental impact reports (‘grey’ literature).

Labour intensive, requiring high taxonomic skills. Therefore relatively expensive

Extensive

Data generated are real, but the model with which they are compared is hypothetical.
Takes a long time to get the necessary data (sample sorting labour- intensive).

Most applications are for macrobenthos of soft sediments.

Simple in concept. No sophisticated computing involved.

Undisturbed benthic communities not observed to be obviously log normal. Subjective methods used to
discriminate between linear and non-linear plots. May only be applicable to organic enrichment, not for ex-
ample effects of toxic metals.

For review of arguments for and against see review in: Warwick, R.M. 1993. Environmental impactstudies
on marine communities: pragmatical considerations. Aust J. Ecol. 18: 63-80. Gray, J.S. 1981. Detecting
pollution induced changes in communities using the log-normal distribution of individuals among species.
Mar. Poll. Bull. 12: 173-176.

Not appropriate for heterogeneous assemblages without further validation. Has been used for soft bottom
benthos.
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Bioindicator

Environmental state

Caswell's neutral model

Observed Shannon diversity (H’) is compared with the theoretical diversity (EH’) for a sample with the
same number of species and individuals, assuming certain assembly rules (random births, deaths, immi-
grations, emigrations) and the absence in interactions between species. A deviation statistic V is calculated
by subtracting EH’ from H’ and dividing by the standard error of EH’. When V=0 the sample is considered to
be derived from a neutral assemblage. When V is negative this implies excessive dominance, which is
likely to result from perturbations of various kinds.

Local
Local environmental impact assessment.
Accurate quantitative data (abundances) on all species in the assemblage.

A lot of data available in environmental impact reports (‘grey’ literature).

Labour intensive, requiring high taxonomic skills. Therefore relatively expensive.

Extensive

Data generated are real, but the model with which they are compared is hypothetical
Takes a long time to get the necessary data (sample sorting labour- intensive).

Most applications are for macrobenthos of soft sediments or free living marine nematode assemblages.
Implemented in the PRIMER software package

Simple in concept. No sophisticated computing involved.
Only influenced by evenness component of diversity (not species richness).

Performance not well tested (performed badly on a well defined pollution gradient, see Warwick, R.M. 1993.
Environmental impact studies on marine communities: pragmatical considerations. Aust J. Ecol. 18:63-
80.).

The computer program by Goldman & Lambshead is useful: Goldman, N. & Lambshead, P.J.D. 1989. Op-
timization of the Ewens/Caswell neutral model program for community diversity analysis. Mar. Ecol. Prog.
Ser. 50: 255-261. Caswell, H. 1976. Community structure: a neutral model analysis. Ecol. Monogr. 46:
327-354

Not appropriate for heterogeneous assemblages without further validation. Has been used for soft bottom
benthos.
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Tool Class
Tool Type

Name

Summary

Geographic Scale
Targets
Data needed

Assessment of
likely data avail-
ability

Costs involved

Human resource
required

Data generated

Time Frame

Examples of im-
plementation

Points FOR
Points AGAINST

Appraisals

Literature

Remarks

State of validation

Recommendation

Bioindicator

Environmental state

Coefficient of pollution

Empirical relationships are established between the number of individuals and species and the variables of
water depth and sediment granulometry in unpolluted macrobenthic communities, which is described by a
single index. The index is calculated from a series of empirically derived integrated equations and makes a
comparison of the observed numbers of individuals and species present with the theoretical prediction for a
given sediment type and water depth.

Local
Local environmental impact assessment.
Accurate quantitative data (abundances) on all species in the assemblage.

A lot of data available in environmental impact reports (‘grey’ literature).

Labour intensive, requiring high taxonomic skills. Therefore relatively expensive.

Extensive

Data generated are real, but the model with which they are compared is empirically derived for a specific
region.

Takes a long time to get the necessary data (sample sorting labour-intensive).

Soft sediment macrobenthos only.

Simple in concept. No sophisticated computing involved.

New equations should be derived for each region under study: empirical relationships derived for the Medi-
terranean will not have global applicability.

Performed badly on a well defined pollution gradient, see Warwick, R.M. 1993. Environmental impact stud-
ies on marine communities: pragmatical considerations. Aust J. Ecol. 18:63-80.

References to both the Mediterranean and Californian studies can be found in the above paper. Satsmad-
jis, J. 1982. Analysis of benthic data and the measurement of pollution. Rev. Int. Oceanogr. Med. 66-67:
103-107
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Tool Type

Name
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Geographic Scale
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Data needed

Assessment of
likely data avail-
ability

Costs involved

Human resource
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Data generated
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Examples of im-
plementation

Points FOR
Points AGAINST

Appraisals

Literature

Remarks
State of validation

Recommendation

Bioindicator

Environmental state

Ratios between pollution sensitive and pollution insen-
sitive taxa

Simple ratios are established between taxa regarded as pollution sensitive and those considered insensi-
tive. Examples include the infaunal trophic index of Word (1979) for macrobenthic trophic groups, the ratio
between sensitive and insensitive polychaete species of Bellan (1979) and the nematode/copepod ratio of
Raffaelli & Mason (1981).

Sample to Region
Environmental impact assessment.
Varies depending on taxa used, but samples could be analysed at a very coarse level of taxonomic dis-

crimination e.g. divided into trophic groups, or identified to higher taxon (nematodes and copepods).

A lot of data available in environmental impact reports (‘grey’ literature).

Relatively cheap

Low

Real
Fast (sample sorting not labour-intensive).

Cortiou, Golfe de Fos, Vieux Port of Marseille, France

Simple in concept. No sophisticated computing involved.

All methods suffer from difficulties of interpretation. We don’t know what the ratios should be for unper-
turbed communities, at least not outside the immediate geographical area and environmental conditions for
which the training data were obtained. The infaunal trophic index is strongly modified by changes in current
speed/sediment type and water depth, the polychaete species identified by Bellan as pollution indicators
have a restricted distribution, and the nematode/copepod ratio behaves unpredictably with different kinds of
pollution.

Bellan, G. 1979. Annelides polychetes des substrats solides de trois millieux pollues sur la cotes de pro-
vencce (France): Cortiou, Golfe de Fos, Vieux Port de Marseille. Tethys 9:267-277. Raffaelli, D.G. & Ma-
son, C.F. 1981. Pollution monitoring with the meiofauna, usiong the ratio of nematodes to copepods. Mar.
Poll. Bull. 12:158-163. Word, J.Q. 1979. The infaunal trophic index. 5th Calif. Coast. Wat. Res. Proj. Annu.
Rep., El Segundo, 19-39.
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Tool Type

Name
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Geographic Scale
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Assessment of
likely data availabil-

ity
Costs involved

Human resource
required

Data generated
Time Frame

Examples of im-
plementation

Points FOR

Points AGAINST
Appraisals

Literature

Remarks
State of validation

Recommendation

Bioindicator

Environmental state

Phylum level meta-analysis

Phyletic composition of marine macrobenthic communities is unaffected by sediment type and water depth,
but modified by perturbations of various kinds. Mutivariate analysis (non-metric MDS) of combined data
from a range of impacted and non-impacted locations for the NE Atlantic shows that the long axis of the 2-
dimensional configuration corresponds to the level of pollution. Combined abundance (A) and biomass (B)
data are used in the form (B/A)0.73 ' A to approximate relative production of each phylum. New data are
combined with these training data and the MDS rerun; the position of the new sites in the configuration indi-
cates the disturbance level.

Sample to Region
Environmental impact assessment.
Both abundance and biomass data for each phylum

A lot of data available in environmental impact reports, but many have abundance only (not biomass).

Relatively cheap

Low

Real
Fast (sample sorting not labour-intensive since only required to phylum level).

Used in the tropics (Trinidad) and Southern Africa as well as NE Atlantic, using the same training data set.

Identification of organisms required to phylum level only, so skilled taxonomists not required. All types of
pollution and disturbance so far tested act in the same way.

Biomass data for each phylum also required (often not available)

Used in the tropics (Trinidad) and Southern Africa as well as NE Atlantic, using the same training data set.

Warwick, R.M. & Clarke, K.R. 1993. Comparing the severity of disturbance: a meta-analysis of marine mac-
robenthic community data. Mar. Ecol. Prog. Ser. 92:221-231..
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ity
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Human resource
required
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Literature

Remarks
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Bioindicator

Environmental state

AbundanceJbiomass comparison (ABC) plots

Unperturbed communities are dominated by K-selected species with large body size and long lifespan; per-
turbed communities by r-selected opportunists with small body size and short lifespan. In combined plots,
the k-dominance curve for biomass lies above that for abundance throughout its length in undisturbed con-
ditions, the reverse is true for gross perturbation, and the two curves closely coincide for moderate pertur-
bation. W-statistic (Clarke 1990) measures area between the two curves; positive value if biomass above
abundance, negative if the reverse. Works at family level as well as species level of taxonomic resolution.
Ref: Clarke, K.R. 1990. Comparisons of dominance curves. J. exp. Mar. Biol. Ecol. 138:143-157.

Local
Environmental impact assessment.

Both abundance and biomass data for each species or family.

A lot of data available in environmental impact reports, but many have abundance only (not biomass).

Relatively cheap if family level jdentification applied.

Moderate

Real

Moderate (sample sorting not so labour-intensive if identifications to family rather than species level).

Many examples for macrobenthos. Also seems to work for fish.

Conceptual model on which it is based depends on a number of clearly definable and testable hypotheses
(See: McManus, J.W. & Pauly, D. 1990. Measuring ecological stress: variations on a theme by R.M. War-
wick. Mar. Biol. 106: 305-308).

Biomass data for each species or family also required (often not available).. Settlement of large numbers of
small individuals from the plankton may give false impression of disturbance (elevation of k-dominance
curves over-dependent on the abundance of the first ranked species). This can be overcome by use of par-
tial dominance curves (Clarke 1990), and intelligent biological interpretation (Warwick & Clarke 1994) Refs:
Clarke, K.R. 1990. Comparisons of dominance curves. J. exp. Mar. Biol. Ecol. 138:143-157. Warwick,
R.M. and Clarke, K.R. 1994. Relearning the ABC: taxonomic changes and abundance/biomass relation-
ships in disturbed benthic communities. Mar. Biol., 118:739-744.

Many examples for macrobenthos. Also seems to work for fish.

See sections 2,3,14 & 15. McManus, J.W. & Pauly, D. 1990. Measuring ecological stress: variations on a
theme by R.M. Warwick. Mar. Biol. 106:305-308). Clarke, K.R. 1990. Comparisons of dominance curves.
J. exp. Mar. Biol. Ecol. 138:143-157. Warwick, R.M. & Clarke, K.R. 1994. Relearning the ABC): taxonomic
changes and abundance/biomass relationships in disturbed benthic communities. Mar. Biol., 118:739-744.
Warwick, R.M. 1986. A new method for detecting pollution effects on marine macrobenthic communities.
Mar. Biol. 92:557-562. Warwick, R.M. 1986. A new method for detecting pollution effects on marine mac-
robenthic communities. Mar. Biol. 92: 557-562
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State of validation
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Bioindicator

Environmental state

Infaunal Trophic Index

The ITI was developed as an aid to identify changed and degraded environmental conditions as a result of
organic pollution. The index involves allocating species into one of four groups based on the type of food
consumed and the origin of the food. It is based on the principle that the dominant feeding types change
along a gradient of increasing organic enrichment. That is, species feeding at the interface of the sediment
and water (such as suspension feeders) occur in areas of low organic enrichment whereas species, which
are predominantly deposit feeders, occur in areas of high organic enrichment.

Local to regional

Environmental impact assessment.

Labour intensive, requiring high taxonomic skills. Therefore relatively expensive.

Low for analysis

Index

The ITI was designed for use in coastal waters with organic contamination only. Relatively simple to calcu-
late

Feeders and the low number of taxa generally prevent this being of use in transitional waters. ITl is modi-
fied strongly by changes in water depth and current speed/sediment type [Warwick, R. M. (1993) Environ-
mental impact studies on marine communities: Pragmatical considerations. Australian Journal of Ecology
18,63-80]Many species are not yet allocated to an ecological group.

Bascom, W. (1982) The effects of waste disposal on the coastal waters of southern California. Env Sei &
Tec. 16,226-236

Codling, I. D. & Ashley, S. J. (1994). Investigations into the development of a biotic index to assess the pol-
lution status of macrobenthic communities in the marine intertidal. Final report to SNIFFER. SR 3755. WRc
pic, UK. Word, J. Q. (1979) The Infaunal Trophic Index. Sth Calif. Coast. Wat. Res. Proj. Annu. Rep., El
Segundo, California. 19-39. Word, J. Q. (1980) Classification of benthic invertebrates into Infaunal Trophic
Index feeding groups. In: Coastal Water Research Project Biennial Report 1979-1980. SCCWRP, Long
Beach, California, USA, pp 103-121

Not fully tested but currently being evaluated in UK in relation to the Water Framework Directive. Useful in
study of eutrophication gradients.
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Bioindicator

Environmental state

Biotic index & Biotic coefficient

The index classifies species in to 5 groups according to their sensitivity to an increasing organic gradient.
Index values are derived from an assessment of the relative abundance of the five groups of species aided
by a distribution model.

Local to regional
Environmental impact assessment.

Accurate quantitative data (abundance) on all species in the assemblage

Labour intensive, requiring high taxonomic skills. Therefore relatively expensive.

Low for analysis

Index

Validation of the model shows different anthropogenic influences can be detected e.g. dredging, engineer-
ing works, sewerage plants and the dumping of polluted waters. It is relatively simple and can be applied to
other European coastal areas. In fact many of the species found in the North Sea and the Mediterranean
are included with over 900 taxa being identified.

A degree of taxonomic skill is required with the same cost implications as the univariate measures dis-
cussed previously. There is overlap in the groupings. Many species are not yet allocated to an ecological
group.

BORJA, A.; J. FRANCO & V. PEREZ, 2000. A marine biotic index to establish the ecological quality of soft
bottom benthos within European estuarine and coastal environments Marine Pollution Bulletin 40(12):
1100-1114

Not fully tested but currently being evaluated in UK in relation to the Water Framework Directive.
A A
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Biological markers

Legend used for the indicators

Not validated Rarely validated Needs more Validated
State of validation
A AN A
Not recommended Limited Usable with care Recommended
Recommendation
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Tool Class
Tool Type
Name
Origin

Summary

Geographic Scale
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Costs involved

Human resource
involved

Human resource
required

Points FOR
Points AGAINST
Appraisals

Literature

Remarks

State of validation

Recommendation

Biomarker

Environmental state

Acetylcholinesterase (AChE) inhibition

BEEP program

AChE activity is inhibited in the presence of neurotoxic chemicals. When pesticides are in combination with
other chemicals such as metals (for instance copper and lindane), inhibition of AChE was observed in the
clam Ruditapes decussatus (Hamza-Chaffai et al., 1998). In the same way, tests performed on the copepod
Tigriopus brevicornis (Crustacea, Copepoda) showed that at the sublethal level, the presence of arsenic,
copper or cadmium seemed to enhance the inhibitory effects of organophosphorous compounds and car-
bamates (Forget et al., 1999). In the bay of Agadir (Morocco) Najimi et al. (1997) measured AChE activity
both in the African mussel Perna perna and in Mytilus galloprovincialis, AChE presented a more signifi-
cant response in the polluted site (Anza) as compared to the reference site (Cap Ghir). Acetylcholi-
nesterase activity is measured through the enzymatic reaction in the fraction obtained after centrifugation
at 20.000 using acethylthiocholine iodide as substrate (Burgeot et al., 2001)

European

Neurotoxicity of common pesticides (carbamate and organosphosphorous compounds) but also of metals
(Najimi et al., 1997). Marker of effect: The inhibition of AChE by neurotoxicants may have consequences on
behaviours which are important in life cycles: research of food, research of sexual partner, care of young,
inducing potential threat at the population level. Target species: fish, crab, annelids, bivalves

Low

Many labs in Europe
Low

Early warning system

The link with changes in biodiversity is not direct

Burgeot T., Bocquené G., His E., Vincent F., Geffard O., Beiras R., Quiniou F., Goraguer H., Galgani F.
(2001) Procedures for Cholinesterase determination in fish and mussel. In: Biomarkers in marine organ-
isms: a practical approach. Garrigues Ph., Barth H., Walker C.H., Narbonne J.F., eds., Elsevier Science,
Amsterdam. Technical Annex (Chapter 7).

Subject to intercalibration exercise in BEQUALM Programme

-T Only validated for environmental state.

Kit-

67



Tool Class
Tool Type

Name

Origin

Summary

Geographic Scale
Targets
Costs involved

Human resource
involved
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Remarks
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Biomarker

Environmental state

DNA adducts

BEEP program

The DNA, a biological macromolecule that is present in all cells, is the holder of the genetic patrimony. lts
structure is complex and may be modified by both physical and chemical agents known as "genotoxic". Due
to its functional role, the DNA integrity is indispensable to the survival of cells and organisms. Genotoxic
disturbances in germinal cells are particularly important due to the transferability of such new characteris-
tics to the progeny. Some of them, particularly if they are limited to a small fraction of the population, may
be rapidly eliminated due to embryo mortality, whereas neutral genetic changes can be perennialized, in-
ducing changes in the relationships which other species in the community (Rether et al., 1997).

European

Marker of effect. Index of genotoxic effects, Predictor of pathology. Target species: fish, crab, bivalves
High

Many labs in Europe
Good skill

Early warning system

DNA repair can intervene as well as ecological compensation

Venier P. (2001) Detection of bulky aromatic DNA adducts by 32P-postlabelling. In: Biomarkers in marine
organisms: a practical approach. Garrigues Ph., Barth H., Walker C.H., Narbonne J.F., eds., Elsevier Sci-
ence, Amsterdam. Technical Annex (Chapter 4).

Subject to intercalibration exercise in BEQUALM Programme

-T Only validated for environmental state.

Kit-
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Biological marker

Environmental state

Endocrine disruption: Imposex in gastropods, Intersex
in crustaceans, Histology of gonads

BEEP program

In the past few years, numerous effects of endocrine disrupting chemicals on wildlife have emerged includ-
ing changes in the sex of fishes, reproductive failure in birds and abnormalities in the reproductive organs of
reptiles and mammals (Depledge etal. 1999). Examples of endocrine disruption in marine invertebrates
have also been found, including imposex in gastropods exposed to organotin compounds, and intersex in
crustaceans and fish particularly when they are exposed to sewage discharges. Numerous observations
have been reported in european coastal areas. In the Fai estuary (Cornwall, UK) where the incidence of im-
posex in the dogwhelk Nucella lapillus was nearly 100%, populations have declined dramatically (Bryan et
al., 1987).

European
Marker of effect: Reproduction disturbances. Target species: gasteropods, crustaceans, fish
Low

Many labs in Europe
Medium

Strong link with potential changes in biodiversity

Not a real early warning system

Depledge, M. H., Billinghurst, Z. (1999) Ecological Significance of Endocrine Disruption in Marine Inverte-
brates, Marine Pollution Bulletin, Volume 39, Issues 1-9, January 1999, Pages 32-38. Bryan GW, Gibbs
PE, Hummerstone LG, Burt GR (1987) Copper, zinc and organotin as long-term factors governing the dis-
tribution of organisms in the Fai estuary, Estuaries, Volume 10, Pages 208-219

imposex on gasteropods: Subject to intercalibration exercise in BEQUALM Programme

U Only validated for environmental state.
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Recommendation

Biological marker
Environmental state

Embryo sex ratio

BEEP program

Disturbances registered at this level are considered as a warning system for highly probable failure in re-
production on the medium- term

North Atlantic and Baltic Sea

Marker of effect: Embryo development and survival in eelpout viviparous fish. Target species: Fish (Zoarces
viviparus, eelpout)

Low
Low

Strong link with potential changes in biodiversity

Not a real early warning system

Subject to intercalibration exercise in BEQUALM Programme

*T Only validated for environmental state.
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Tool Type
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Human resource
involved
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required
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Appraisals
Literature
Remarks

Choice

State of validation

Recommendation

Biological marker

Environmental state

Reproductive success

BEEP program

The reproductive success may be affected by a wide range of chemicals. It affects directly the ability of a
population to be present or not in a more or less impacted environment.

North Atlantic and Baltic Sea

Marker of effect: Measures reproductive output and survival of eggs and fry in relation to contaminants.
Target species: Fish

Low
Low

Strong link with potential changes in biodiversity

Not a real early warning system

-T Only validated for environmental state
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Tool type

Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Biodiversity measure
Environmental state
Environmental state
Environmental state
Environmental state
Environmental state
Environmental state
Environmental state
Environmental state
Environmental state
Environmental state
Environmental state
Environmental state
Environmental state
Remote observation
Remote observation
Remote observation
Remote observation
Remote observation
Remote observation
Remote observation
Remote observation

Remote observation

WP2 tool list

Name

Taxonomic distinctness

Fish Indices

Phylogenetic structure

Number of Species

Higher taxonomic diversity

Gut contents of key predators.

Death assemblages

Measurement of functional diversity

Selected higher taxon or taxa.

Recording conspicuous species by visual methods

Genetic markers

Soft-bottom macrobenthic fauna: sampling and sample processing
Hard-bottom benthic fauna: sampling and sample processing
Epibenthic sampling using dredges or trawls

The log normal distribution

Caswell’s neutral model

Coefficient of pollution

Ratios between pollution sensitive and pollution insensitive taxa.
Phylum level meta-analysis

Abundance/biomass comparison (ABC) plots

Infaunal Trophic Index (ITI)

Biotic index & Biotic coefficient

Acetylcholinesterase (AChE) inhibition

DNA adducts

Endocrine disruption: Imposex in gastropods, Intersex in crustaceans, Histology of gonads
Embryo sex ratio

Reproductive success

Aerial photography

Satellite imagery

Acoustic ground discrimination systems (RoxAnn, QTC, Echoplus)
Remotely-operated vehicles (ROVs)

Sea-bed habitat mapping using side-scan sonar

Sediment Profile Imagery

Assessment of cetaceans using hydrophones

Assessment of fish using echo sounding

Assessment of mammals using echo sounding
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Using species as indicators of biodiversity

The very concept of single species as indicator of biodiversity was the object of very significant de-
bates in the community of BIOMARE.These debates are still not finished. It is very difficult to find spe-
cies that are able to be state indicators of biodiversity or of its evolution (increase, stationary state or
decrease or loss). There is indeed no current work that unequivocally allows us to choose a species
for which the presence, the absence or the variation of abundance represents fluctuations of the whole
diversity at a given place, and consequently can be used as a biodiversity indicator. Another difficulty
is that such a species must be easily and reliably recognizable, without the expert assistance of a
specialist, a concept that is not always understood by such specialists. These are the reasons why the
following suggested choice is certainly not a final list. It is more the current inventory. Except for the
categories "habitat builders", certain " keystone species" and certain "invasive species", it is clear that
this list will need to be modified by additions and perhaps by deletions. Moreover, a number of taxa
were not definitively recommended, but proposed to be tested and it is thus not sure that they will re-
main. Certain species were not included because of their redundancy or by the lack of published or
otherwise contributed information. The choice was also to invasive species. The objective of BIO-
MARE was not to make a list of these species13, but to choose those taxa that were considered to
pose the most significant threat to biodiversity bearing in mind that only a minimum of information has
been provided to us.

These species, like the indicators described previously, will be accessible in a data base published on
Internet and managed by MARS. This base is conceived as a dynamic tool and it will be updated as
information arriving to indicators@biomareweb.org is evaluated by the MARS scientific committee or
an ad hoc committee to be created

For a species to be considered as an indicator, there has to be a correlation between its occurrence
and the diversity of the various taxa present. We presently know that this correlation may be very low
for modifications to biodiversity resulting from natural disturbance or anthropogenic stress. It is thus
obvious that if research has to focus on indicator taxa, it is essential to consider the associated eco-
logical processes in order to establish the theoretical principles underlying the correlation correlation
between diversity and the indicator taxon. Moreover, indicator species are present in the environment
even when the conditions they are thought to indicate are absent (or not yet present), so one must al-
ways go further than a simple presence/absence information. Another point is that the abundance of a
species may not be the result of a single factor but of many, giving rise to a general problem of inter-
pretation and research into the origin of the disturbance. It is thus necessary to be able to experi-
mentally manipulate diversity. It is also important to emphasise on the fact that certain species
thought to be indicators have been shown to be complexes of species. Depending on the target of the
indicator, this may necessitate a local calibration because of the possible existence of non-
homogeneous physiologies in different species. Therefore, the unique way is to standardise protocols
and intercalibrate methods. No indicator by itself can allow biodiversity to be reported, a fortiori
changes in biodiversity. Anyone indicator can give an incorrect response at one certain moment, but
all the indicators of a correctly chosen “multi-indicator grid” cannot be wrong together. The setting up
of a set of indicators that are pertinent from a scientific and political point of view, and are in harmony
at international level, is thus an important stake to be able to measure in the best possible way the
progress of societies along the road to sustainable development.

The presence and good health of a certain number of species, and therefore biodiversity, in a given
site depends on:

1. availability of habitat and reproduction sites,
2. availability of food or energy,

3. available niche in an ecosystem,

4. the state of the environment.

B A number of articles, reviews and books have been written on marine bioinvasions. There are also quite an important num-
bers of web sites dedicated to this field. Among them, we suggest:

Leppakoski, Erkki, Stephan Gollasch and Sergej Olenin (eds). Aquatic Invasive Species of Europe - Distribution, Impacts and
Management. Kluwer Academic Publishers, Dordrecht, Boston, London, 2002.

Mediterranean: http://www.ciesm.org/atlas/

British Isles: http://www.jncc.gov.uk/marine/non_native/default.htm

Baltic Sea: http://www.ku.lt/nemo/mainnemo.htm
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In consequence, species that are habitat structuring species, keystone species, invasive species and
species closely related to the environmental state, may give important information on the evolution of
biodiversity. This type of indicator is to be considered on a rather short-term survey.

A species rarely covers a very large scale (European). However, the survey of species having the
same status in ecosystem functioning, or species of the same genus, may reflect an identical trend of
biodiversity evolution. However, this implies a survey of identical parameters and the use of the same
methods on different species. This stresses the importance of inter-calibration of sampling and analy-
sis methods.

It must be kept in mind that it is not a single European species to survey, but potentially a
group of species that can give information on the biodiversity of a region. The common results
of regional trends may give an indication on global changes affecting the European coastal area.
Therefore the listed species are classified by functional status. Because of the research necessary to
validate a species as a biodiversity indicator, there are only a few that are effectively used as such
with a precise protocol. Nevertheless, the institutes that participated to BIOMARE propose some spe-
cies as bioindicators (those that seem closely related to biodiversity) to be tested (and possibly vali-
dated) in future networks. Because of the diversity (geographically, physically, and by the level of hu-
man impact) of the BIOMARE sites, these are ideal to validate bioindicators.

The species adopted as [potential] biodiversity indicators by BIOMARE have been classified as shown
in the next table:

Concerns Features Validation

Species that are habitats . Keystone14 habitat builders Good but need
more

Species that are essential in a com- +  Other keystone14 species: Good but need
munity or an ecosystem by their func- o Trophic role more
tional importance (other than habitat o Are part of a habitat
builders) o Engineer species
Species which dynamics is often not + Invasive species Need more

well known in a specific environment

Species which dynamics may rapidly + Geographically range changing Rarely or never
change in a specific site or region species validated
* Pioneer species

Species endangered because of their +  Charismatic / Patrimonial Rarely or never
limited distribution or number, or spe- «  Commercial validated

cies under direct mankind impact. « Endemic

These are often species under protec- . Rgre

tion.

14 species whose removal from an ecosystem would result in significant changes in the frequencies or interactions of the
remaining species (EPBRS suggested definition)

Invasion (= biological invasion): the event in which a population is moved beyond its natural range or natural zone of poten-
tial dispersal through human-mediated transport. Invasions are distinct from colonisations, which are often viewed as natural
range expansions.

Invasive species: a species that contains populations that invade. Invasive species typically refer to introduced species that
cause negative impacts on the environment, human activities, or human health. Among species that are introduced, only a
very a small proportion become established and then invasive.

Eunmi Lee C. 2002 Evolutionary genetics of invasive species. TREE 17: 386-391

Tracing the history of introduced species using molecular techniques can help to identify the source of an invasion, which, in
turn, can aid predictions about the impacts of the invasion, the prevention of further invasions, as well as permitting the estima-
tion of the size of the founding population and providing information about post-invasion population dynamics.

Grosholz E. 2002 Ecological and evolutionary consequences of coastal invasions. TREE 17: 22-27
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Keystone habitat builders

Why?

Which are they?

What should be monitored?

Where?

Economic importance

Other keystone species

Why?

Which are they?

What should be monitored?

Where?

Economic importance

Their evolution will change a habitat on which a lot of species (some
tens or hundreds) depend. The morphology of a site can change by the
local disappearance of these species. This may induce changes in
physical parameters (such as hydrology) and therefore in the environ-
ment of a site. Decrease of such structuring species leads directly to a
decrease of biodiversity. Habitat biodiversity is directly implied. Struc-
turing species are probably the most advanced and generalized spe-
cies bioindicators in terms of methodology.

Species that are a habitat in themselves (mainly phanérogames and
macroalgae).

Dynamics of the population at the scale of the site and region (health,
reproduction or expansion rate, bathymetric distribution). Genetic pa-
rameters. Evolution in time and in space.

In protected unimpacted sites in order to have a reference state (evolu-
tion in space) and survey effects of global change. In sites impacted by
a specific stressor(s). Along a salinity or temperature gradient. At the
limits of distribution area of chosen species. In transitional zones.

Protection of beaches against wave action, commercial species habitat
or nurseries.

Biodiversity depends on functional systems that may be modified by
changes in the population of one or a group of key-species. These spe-
cies being tightly linked to a good development of an ecosystem, their
survey will give indications on the state and evolution of biodiversity.

Species with a functional importance. These species have a major role
in the proper functioning of a given ecosystem (major impact on com-
munity metabolic processes such as e.g. primary production, reminerali-
sation, bioturbation, predation) or habitat (demersed part of a species or
erected species). Species that participate in equilibrium of a habitat
mainly those that can modify the substrate (engineer species).

Pelagic species that are the functional link between benthic and pelagic
systems: key Zooplankton grazers that provide trophic links to pelagic
fishes and act as gateways for the faecal export of organic matter to the
ocean floor, phytoplankton that is the origin of massive amount of vege-
tal matter which fuels benthic productivity

Exact function of the species and links existing in the ecosystem espe-
cially if the environmental parameters change. Dynamics of the popula-
tion. Possible modelling could perhaps be used.

In protected unimpacted sites in order to have a reference state and
survey the impact of Global change. In impacted sites where there is al-
ready a strategy of survey of the species. In sites where biodiversity is
especially fragile. In transitional zones.

They have an obvious economic importance but that is still to be evalu-
ated
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Invasive species

Why?

Which are they?
What should be monitored?

Where?

Economic importance

Range changing species

Why?

Which are they?

What should be monitored?

Where?

Economic importance

Invasive species evolve in an environment that is not their original one.
Therefore they are intrusive in an ecosystem where they are going to
take a place that is or is not occupied. There will either be a replace-
ment (partial or complete) of a species or a new species in a functional
system. The dynamics and impact of this new species in the ecosys-
tem is often unpredictable and may be disastrous. The population dy-
namics of certain invasive species are actually known to be a threat to
local biodiversity. Others must be surveyed because they might be-
come a threat to biodiversity.

Species introduced by different ways (ballast water, fouling, boats, es-
capees from aquaculture, etc.).

Geographic evolution. Dynamics of the species (reproduction or ex-
pansion rate). Genetics and molecular indicators.

Not all sites are strategic to survey invasive species. Two cases: A
species well known and already installed in a region has to be followed
in the impacted sites and the limits of distribution of the species. For
the other species strategic sites such as transitional zones, big har-
bours and areas where aquaculture is important must be surveyed.

The impact of such species may be of great economical importance ei-
ther positive or negative.

The environmental conditions at the limit of distribution of a species
may changes (temperature, salinity) and become favourable or not to
the species. In consequence, the area of distribution expands or di-
minishes. Environmental conditions may change in part of the area of
distribution of a species and create conditions where the species may
proliferate to the detriment of others. This concerns all species of a
given area. However, only species whose distribution range do not
cover the totality ofthe considered area may be useful as indicators.

These species are expansive in space or in number. They are:
geographically range changing species
pioneers species.

Variations of the limit of distribution and dynamics of geographically
range changing species. Abundance and dynamics of the populations
of pioneers (may be linked to pollution events).

At the limits of distribution for the range changing species. In sites im-
pacted by organic matter or pollutant(s). Along a gradient (salinity,

temperature)

Potentially important e.g. ifthese species become invaders
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Other possible species indicators

Why?

Which are they?

What should be monitored?

Where?

Economic importance

Biodiversity does not generally depend on these species. But these
species that are often endangered because of their limited distribution
or number may give a good image of future evolution in time of biodi-
versity in a given site. Some may be endangered either because their
habitat is disappearing or because environmental conditions are
changing. A species may become rare in a certain habitat only. They
are also a good indicator (charismatic, rare and endemic) of the effi-
ciency of protective measures (response indicator). They are often di-
rectly or indirectly under exploitation and fishing pressure. These spe-
cies may have a tourist importance and commercial species have of
course an economical importance.

They are:

1. charismatic / patrimonial (social and cultural value)
2. commercial

3. endemic

4. rare

They are generally species limited to a site or a region.

Mainly abundance in all areas covered by these species and recoloni-
zation (population dynamics) in protected areas. The causes of the
limited population ofthese species.

In all BIOMARE sites covered by these species.
These species often have an emblematic importance except for the

commercial species. The latter are of great economical importance in
certain countries or regions.
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Species indicators: keystone habitat builders
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Species indicators: other keystone species
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Species indicators: Invasive species
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http://www.ciesm.org/atlas/Metapenaeusmonoceros.html
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http://www.caulerpa.org/
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Species indicators: Geographically range changing
species and pioneer species
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Species indicators: Others
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List of cited species and photo credit
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Cited Species

Cliona celata
Cliona deletrix
Cliona Inconstans

Cliona viridis

Antipathes wollastoni
Cladocora caespitosa
Corallium rubrum
Eunicella cavolinii
Eunicella verrucosa
Lophogorgia ceratophyta

Paramuricea clavata

Mnemiopsis leydyi

Brachidontes pharaonis
Cerastoderma edule

Cerastoderma glaucum

Cerithium scabridum
Chama pacifica

Crepidula fornicata

Dendropoma petraeum
Dreissena polymorpha
Hydrobia ulvae
Macoma balthica

Mya arenaria

Mytilus edulis

Mytilus galloprovincialis
Mytilus trossulus
Patella aspersa
Patella vulgata

Pinna nobilis

Pintacta radiata

Capitella capitata
Chaetozona setosa
Lanice conchilega
Marenzelleria

Sabellaria alveolata

Balanus perforatus
Calanus finmarchicus
Calanus glacialis
Calanus helgolandicus
Calanus hyperboreus
Crangon crangon
Gammarus oceanicus
Gammarus setosus
Homarus gammarus
Idotea baltica

Idotea emarginata
Marsupenaeusjaponicus
Megabalanus azoricus
Metapenaeus monoceros
Oithona nana

Pontella sp

Common Name

Boring sponge

Antlpatherlan
Coral

Red coral

Sea fan (white)

Leydycomb

Common cockle

Lagoon cockle

Slipper limpet

Mud snail
Baltic tellln
Sand gaper

Common mussel

Common limpet

Pen shell

Sand mason

Brown shrimp

European lobster

Geographic distribution

PORIFERA

Europe
Europe
Europe
Europe

CNIDARIA

Mediterranean & Atlantic

Photo Credits

J. Vacelet/COM

J. Vacelet/COM

F. Cardlgos/ImagDOP

Mediterranean D. Luquet/OOV

Mediterranean

Europe J.-P. Féral/OOB

Mediterranean J.-G. Flarmelln/COM
CTENOPHORA

Black Sea T. Shiganova

MOLLUSCA

Mediterranean B. Gall/lIOLR

Europe NIOO-CEME

Europe R. Flamblett

Mediterranean

Atlantic & Mediterranean

Mediterranean

Baltic, Black Sea
Europe

Atlantic & Arctic & Baltic

Atlantic & Mediterranean & Black Sea

Europe
Europe
Europe
Atlantic
Europe

Mediterranean

ANNELIDA

Europe

D. Thleltges/AWI
IFREMER

J. Templado & B. Galil

J.-P. Ducrotoy/GEMEL
Fl. Flummel/NIOO-CEME
H.Zybrowius/COM

K. Fllscock

N. Nappu

R.S. Santos/ImagDOP
J.-P. Ducrotoy/GEMEL
D. Luquet/OOV

S. Degraer/RUG-SMB

Atlantic & Mediterranean S. Scott

K. Fliscock

CRUSTACEA

Atlantic & Mediterranean J.-P. Féral
Europe J.M. Weslawskl/IOPAS
Europe J.M. Weslawskl/IOPAS
Europe
Europe

Atlantic & Mediterranean & Baltic
Atlantic & Baltic & Arctic
Atlantic & Baltic & Arctic
Europe

Europe

Europe

Europe

Mid Atlantic
Mediterranean

Europe

Europe

122

J. Lecomte/OOB

J.M. Weslawskl/IOPAS
D. Luquet/OOV

J.-P. Ducrotoy/GEMEL
L. Gutow/AWI

B. Gall/lOLR

R.S. Santos/ImagDOP
B. Galll/lOLR

C. Razouls/OOB

J. Lecomte/OOB

Notes

Rlou Archipelago, 15m

Maire Island, 12m

www.horta.uac.pt/ImagDOP/

www.davldluquet.com

Bay of Banyuls, Close-up

Coralllgenous habitat

lancingvlllage.co.uk/nature/
Wldewater/gallery/shell/Index.htm

Saint Brleuc Bay, Brittany

Berre Lagoon

www.mv.helslnkl.fi/lhome/nappu

www.horta.uac.pt/lmagDOP/
Yorkshire coast
www.davldluquet.com

Fouling species

Brittany coast

Slgean lagoon

www.davldluquet.com

www.horta.uac.pt/lmagDOP/

page

89
89
89
89

90
89
90
90
90
90
90

101

101
92
92

101
101

102
102

91

102

91
92,109
101,102
92,109
92,109
92,109
115
109
115
101

110
110
93
93
93

94
110
110
110
110
95
94
94
116
93
93
103
94
103
95
95


http://www.horta.uac.pt/lmagDOP/
http://www.davldluquet.com
http://www.mv.helslnkl.fi/home/nappu
http://www.horta.uac.pt/lmagDOP/
http://www.davldluquet.com
http://www.davldluquet.com
http://www.horta.uac.pt/lmagDOP/

Amphiura filiformis

Synaptula reciprocans

Cetorhinus maximus Basking shark

Balistes carolinensis
Beryx sp
Canthigasterrostrata

Epinephelus marginatus Dusky Grouper

Helicolenus dactylopterus
Hippocampus ramulosus ~ Sea horse
Halobatrachus didactylus

Pagellus bagara veo

Sardina pilchardus

Saurida undosguamis
Scomberjaponicus

Siganus luridus

Siganus rivulatus

Sphoeroides marmoratus
Stephanolepsis diaspros

Trachurus picturatus

Zoarces viviparus

Tursiops truncatus Bottlenose dolphin

Caulerpa prolifera
Caulerpa racemosa
Caulerpa taxifolia

Enteromorpha sp Gut weed

Cystoseira amentacea
Cystoseira mediterranea
Cystoseira spp
Cystoseira tamariscifolia
Fucus vesiculosus Bladder wrack
Fucus sematus
Laminaria digitata Oar weed

Laminaria saccharina

Acrothamnion preissii
Asparagopsis armata Harpoon weed
Mesophyllum alternans Coralligen
Lithophyllum cabiochae Coralligen
Lithophyllum byssoides Trottoir, coralligen
Lithothamnion corallioides Meaerl
Phymatolithon calcareum  Maerl

Womersleyella setacea

Cymodocea nodosa
Posidonia oceanica
Ruppia maritima Beaked seaweed
Spartina Cord grass

Zostera marina Common eel grass

ECHINODERMATA
Atlantic & Baltic B.E. Plcton

Mediterranean B. Clhanglr

J.-P. Féral/OOB
CHORDATA - CHONDRICHTYES
L. Llpej
CHORDATA- OSTEICHTYES
D. Luquet/OOV

Europe

Atlantic & Mediterranean
Mid Atlantic

Atlantic & Mediterranean J. Fontes/ImagDOP
Mediterranean T. Perez/COM

P. Wirtz/ImagDOP
Mid Atlantic

Atlantic & Mediterranean D. Luquet/OOV

P. Wirtz/imagDOP
Atlantic & Mediterranean
Mid Atlantic P. Wirtz/ImagDOP
Atlantic & Mediterranean
Mediterranean J.-G. Harmelln/COM
Atlantic & Mediterranean
Mediterranean J.-G. Harmelln/COM
Mediterranean B. Gall/lOLR
Atlantic & Mediterranean F. Cardlgo/lmagDOP
Mediterranean J.-G. Harmelin/COM
Atlantic P. Wirtz/ImagDOP

Atlantic & Baltic F. Wieland
CHORDATA - MAMMALIA
P. Gaspar/lmagDOP
CHLOROPHYCEAE

A. Melnesz/LEML

Europe

Atlantic & Mediterranean
Mediterranean

Mediterranean D. Luquet/OOV

Europe M. Verlaque/COM
FUCOPHYCEAE
J. Templado
P. Francour/LEML
Europe N. Nappu
Atlantic C. Emblow/EcoServe

Atlantic & Baltic J.-P. Ducrotoy/GEMEL

Atlantic & Baltic J.-P. Ducrotoy/GEMEL

RHODOPHYCEAE

Atlantic & Mediterranean A. Melnesz/LEML
P. Wirtz/imagDOP

Mediterranean

Atlantic & Mediterranean A. Melnesz/LEML

Mediterranean A. Melnesz/LEML

Atlantic & Mediterranean M. Verlaque/COM

Atlantic & Mediterranean M. Verlaque/COM

Mediterranean M. Verlaque/COM

MAGNOLIOPHYCEAE

Atlantic & Mediterranean
Mediterranean T. Perez/COM

T. Malkovec

J.-P. Ducrotoy/GEMEL

B.E. Plcton
J.-P. Féral/OOB

123

S. Rultton/GIS Posidonie

©BloMar project, TCD

Turkish coast
Aqgaba, Red Sea

Gulf of Trieste

www.davldluquet.com

www.horta.uac.pt/ImagDOP/

Port-Cros Island
www.horta.uac.pt/lmagDOP/

www.davldluquet.com
www.horta.uac.pt/lmagDOP/

www.horta.uac.pt/lmagDOP/

Lebanon coast, Salda

Lebanon coast, off Tripoli

www.horta.uac.pt/ImagDOP/

Lebanon coast, off Tripoli

www.horta.uac.pt/ImagDOP/

www.unterwasserfoto-und-story.de

www.unlce.fr/LEML/

www.davldluquet.com

www.unlce.fr/LEML/

www.mv.helslnkl.fi/lhome/nappu

A female gametophyte

coralligen

trottoir

Corsica, herbarium

Gulf of Trieste

©BloMar project, TCD
Galway Bay, close-up

96

103
103

116

1
118
1

17
117

118

117
117

11
118
118
104
118
104
104
1
104
118
96

119

97
105
105
97

81
81
81
81
8
81
82
82

=

106

106
106

82
82
82
83
83
106

83
83
84
84

85
85


http://www.davldluquet.com
http://www.horta.uac.pt/lmagDOP/
http://www.horta.uac.pt/lmagDOP/
http://www.davldluquet.com
http://www.horta.uac.pt/lmagDOP/
http://www.horta.uac.pt/lmagDOP/
http://www.horta.uac.pt/lmagDOP/
http://www.horta.uac.pt/lmagDOP/
http://www.unterwasserfoto-und-story.de
http://www.unlce.fr/LEML/
http://www.davldluquet.com
http://www.unlce.fr/LEML/
http://www.mv.helslnkl.fi/home/nappu

How to manage biodiversity data?

Long term, large scale monitoring will induce the production of a tremendous quantity of data. These
data must be organized and made accessible by means of databases, which must be regularly up-
dated and which must be upgradeable (to follow the progresses of hardware and software). With these
data it will be possible to make distribution maps of biodiversity and/or habitats. However, maps are
static and likely to become outdated real soon. A solution would be the use of Geographic Information
Systems (GIS). This approach was beyond the scope of BIOMARE but has been identified as a major
objective for future research on biodiversity.

Large-scale biogeographic distributions and biodiversity gradients should be GIS-mapped spatially
and temporally in association with oceanographic, meteorological and other parameters. The EEA has
identified the use of GIS in the marine and coastal environment as a mean of achieving increased effi-
ciency for assessment of impacts. GIS makes possible to map the changes in an area, to anticipate
future conditions or needs, to decide on a course of action, or to evaluate the results of an action or
policy.

The availability of relevant data sets is a major catalyst for encouraging people to use GIS. It is there-
fore important that environmental character and species location data sets are made easily accessible
and usable by the end users. This is currently not the case. With the appropriate databases made ac-
cessible at a European level and with the functionality of GIS analysis, the development of useful bio-
diversity and species habitat distribution models are possible. Such initiatives will also need independ-
ent validation. Data will have to be shared and results and findings to be made known. GIS also re-
quires coordination and calibration at a strategic management level.

Biodiversity trends at a Euro-
pean level

Biodiversity trends at each re-
gional level

GIS of each EMBR site

Physical characteristics Meteorological Hydrodynamic Geographic Calibration
(temperature, salinity, characteristics characteristics characteristics
quantity of C02) (winds, height of waves) (currents...)

Local physical, biological pa-

ABIOTIC PARAMETER! rameters
Data concerning : Using a GIS with standardized man-
fisheries, tourism agement process allows biodiversity
GIS Marine pollution trends to be comparable at a Euro-
INDICATORS OF foreach EMBR site pean level
STATE, PRESSURE,
RESPONSE

Selection of appropriate
bioindicators for each
habitat

Habitat ATBI
mapping

BIOTIC PARAMETERS
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Socio-economic relevance and policy implication

The sea includes both non-living resources (e.g. minerals, energy sources as hydrocarbon, wind and
waves) and living resources (e.g. fisheries, genetic richness, natural substances of biotechnological in-
terest) and ecosystems. It is also the source of recreation and a very important transport arena. The
sea plays also crucial roles in the assimilation of waste and the regulation of the world’s climate. All
these items are potential threats for biodiversity, which is in itself the main constituent of some of the
resources. Sustainable exploitation of marine resources and protection of the marine environment
have been identified as key drivers for marine research. The intensity of exploitation of marine re-
sources is accelerating to unprecedented and often unsustainable levels. Therefore, there is a need of
specific indicators to monitor marine biodiversity. BIOMARE has made a state of the art of the ques-
tions and has proposed a set of indicators and indices, which, if not all totally validated, represent at
least different fields of research necessary to sustainable management and decision-making.

From a practical point of view, the indicators of biodiversity must enter within the more general frame-
work of the tools for monitoring of the impact of human activities on the one hand and the impact of
natural disturbances like climatic changes, on a very large scale, or storms or floods, for example, on
a more local scale. For that only one indicator cannot be enough. In each study, it is then necessary to
define a system of indicators, not just a basket. In order to differentiate between natural and human
causes, these indicators must be evaluated in sites as much as possible subjected only to the natural
disturbances in order to calibrate them for monitoring in zones impacted by mankind.

However such biodiversity indicators are not sufficient by themselves. They must be used together
with other indicators allowing a more total evaluation of the ecological risk and especially able to give
an early warning of a negative change for the environment. Biodiversity by itself indeed needs its
proper indicators, but it also needs, for its protection, indicators which react very fast, at a cellular or
sub-cellular or biochemical level, even of low ecological relevance, but given a as short as possible
response, such as biomarkers. Policy decisions must take this point into account.

To date, it is clear that the marine realm is considered separately from terrestrial and other aquatic en-
vironments. Almost nothing concerns marine biodiversity. The BIOMARE recommendation meets that
of EEA. Given the need for further scientific research and testing, a two-way approach is recom-
mended: select some indicators that can be used in the short term (even when imperfect) and mean-
while continue developing or fine-tuning other indicators for long-term use.

Due to the economic value of marine biodiversity, in the framework of sustainable development, biodi-
versity indicators should be included together with indicators of marine science and technology, socio-
economic indicators and environmental indicators — indicators of the status of marine resources — that
will contribute to the implementation of effective resource management and protection protocols. Such
indicators would provide input to the reports on the marine environment produced by European or-
ganisations such as ICES, EEA, OSPAR, etc.
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Following the classification adopted by the “Millenium Assessment” initiative, the goods and services
provided by marine biodiversity are grouped as: provision, regulatory, and enriching. Examples of
those are presented in the table below (proposed by J.M. Weslawski). BIOMARE WP2 also provided
preliminary sets of indicators that can be used in assessing the values of marine biodiversity. Other
examples are extensive studies on the relation between tourism and marine biota (SCUBA diving and
underwater marine reserves, eco-tourists in marine wildlife refugees, mass tourism and sandy shores).

Type of service Example Proposed indicator Biodiversity im- Socio-economic
portance for the | importance
service

Provisioning Sea food Number of marine species offered on the High High

market
Non-living products of Number of species Medium Medium

marine organisms (e.g. | providing products
maerl, sponges, coral)

Regulatory Natural biocatalytical fil- | Percent reduction of pollutants High High
ters (permeable sedi-
ments)
Atmospheric trace gases | Number of marine plant species - local Low Medium
active emitters
Enriching Tourism & recreation Number of charismatic species, recog- Medium High
nized by broad public in given area
Education Number of biodiversity-related media High Medium

products offered on the market (books,
movies, journals)

Scientific Number of papers in peer reviewed jour- High High
nals on marine biodiversity
Spiritual Percent of people declaring spiritual - Medium Medium

emotional link to local marine biota

126



Table of abbreviations

AAU Abo Akademi University, FI

AFEN Atlantic Frontier Environmental Network

AN/UNIS Akvaplan-Niva AS and University Studies on Svalbard, NO

ATBI All Taxa Biodiversity Inventory

AWI Alfred-Wegener Institute for Polar and Marine research, DE
BEEP Biological Effects of Environmental Pollution in marine ecosystems
BEQUALM Biological Effects Quality Assurance in Monitoring programmes
COM Centre d'Océanologie de Marseille, FR

CORPI Klaipeda University, Coastal Research and Planning Institute, LT
CPUEs Catch per unit efforts

CIESM International Commission for the Scientific Study of the Mediterranean Sea
DIVERSITAS An international programme of biodiversity science

DOP University of the Azores, Department of Oceanography and Fisheries, PT
EEA European Environmental Agency

EIA Environmental Investigation Agency

EMBRS Europen Marine Biodiversity Research Sites

EPBRS European Platform for Biodiversity Research Strategy

EU European Union

EUROSTAT The Statistical Office ofthe European Commission

FAO Food and Agriculture organization ofthe United Nation

GEBIF Global Biodiversity Information Facility

GEMEL Institute of Estuarine Studies, The University of Hull, UK

GIS Geographic Information System

GIS Posidonie Groupement d’intérét Scientifique sur les posidonies, FR

IBOY International Biodiversity Observation Year 2001-2002
ICES/CIEM International Council for the Exploration of the Sea

IFREMER Institut Frangais de Recherche pour | 'Exploitation de la Mer
IMBC Institute of Marine Biology of Crete, GR

IMEDEA Instituto Mediterrdaneo de Estudios Avanzados, ES

IMS Institute of Marine Sciences, Middle East Technical University, TR
I0-BAS Institute of Oceanology, Bulgarian Academy of Sciences, BU

10C Intergovernemental Oceanographic Commission, UNESCO

IOLR Israel Oceanographic and Limnological Research, IL

IOPAS Institute of Oceanology PAS, PO

JNCC Joint Nature Conservation Committee, UK

LEML Laboratoire Environnement Marin Littoral, FR

LTBR Long Term Biodiversity Research

MAP Mediterranean Action Plan

MARS The European Marine Research Station Network

MEI Estonian Marine Institute, Estonia

MPA Marine protected area

NIOO-CEME Netherlands Institute of Ecology, Centre for Estuarine & Coastal Ecology, NL
OBIS Ocean Biogeographic Information System

o0oB Observatoire Océanologique de Banyuls sur Mer, FR

oov Observatoire Océanologique de Villefranche sur Mer, FR

OSPAR Convention for the Protection of the Marine Environment of the North-East Atlantic (Oslo-Paris)
ROV Remotely Operated Vehicle

RUG-SMB University Gent, Marine Biology Section, Zoology Institute, BE
SAC Special Areas of Conservation, UK (cf ZNIEFF)

TEPI Towards Environmental Pressure Indicators

UNEP United Nations Environment Programme

ZNIEFF Zone Naturelle d'intérét Ecologique, Faunistique et Floristique, FR (cf SAC)

A searchable list of acronyms Is avaloable at < http://loc.unesco.org/locweb/default.htm>
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