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This volume is the sixty-eighth issue of the Mediterranean Action Plan 
Technical Reports Series.

This series contains selected reports resulting from the various activities performed within the
framework of the components of the Mediterranean Action Plan: Pollution Monitoring and
Research Programme (MED POL), Blue Plan, Priority Actions Programme, Specially Protected
Areas and Regional Marine Pollution Emergency Response Centre for the Mediterranean.

Ce volume constitue le soixante-huitième numéro de la série des Rapports techniques du Plan
d'action pour la Méditerranée.

Cette série comprend certains rapports élaborés au cours de diverses activités menées dans
le cadre des composantes du Plan d'action pour la Méditerranée: Programme de surveillance
continue et de recherche en matière de pollution (MED POL), Plan Bleu, Programme d'actions
prioritaires, Aires spécialement protégées et Centre régional méditerranéen pour l'intervention
d'urgence contre la pollution marine accidentelle.
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PREFACE

The United Nations Environment Programme (UNEP) convened an Intergovernmental
Meeting on the Protection of the Mediterranean (Barcelona), 28 January - 4 February 1975),
which was attended by representatives of 16 States bordering on the Mediterranean Sea.  The
meeting discussed the various measures necessary for the prevention and control of pollution
of the Mediterranean Sea, and concluded by adopting an Action Plan consisting of three
substantive components:

- Integrated planning of the development and management of the resources of the
Mediterranean Basin (management component);

- Co-ordinated programme for research, monitoring and exchange of information and
assessment of the state of pollution and of protection measures (assessment
component);

- Framework convention and related protocols with their technical annexes for the
protection of the Mediterranean environment (legal component).

All components of the Action Plan are interdependent and provide a framework for
comprehensive action to promote both the protection and the continued development of the
Mediterranean ecoregion. No component is an end in itself. The Action Plan is intended to assist
the Mediterranean Governments in formulating their national policies related to the continuous
development and protection of the Mediterranean area and to improve their ability to identify
various options for alternative patterns of development and to make choices and appropriate
allocations of resources.

The Co-ordinated Mediterranean Research and Monitoring Programme (MED POL)
was approved as the assessment (scientific/technical) component of the Action Plan.

The general objectives of its pilot phase (MED POL - Phase I), which evolved through
a series of expert and intergovernmental meetings, were:

- to formulate and carry out a co-ordinated pollution monitoring and research programme
taking into account the goals of the Mediterranean Action Plan and the capabilities of
the Mediterranean research centres to participate in it;

- to assist national research centres in developing their capabilities to participate in the
programme;

- to analyse the sources, amounts, levels, pathways, trends and effects of pollutants
relevant to the Mediterranean Sea;

- to provide the scientific/technical information needed by the Governments of the
Mediterranean States and the EEC for the negotiation and implementation of the
Convention for the Protection of the Mediterranean Sea against Pollution and its related
protocols;

- to build up consistent time-series of data on the sources, pathways, levels and effects
of pollutants in the Mediterranean Sea and thus to contribute to the scientific knowledge
of the Mediterranean Sea.
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MED POL-Phase I initially consisted of seven pilot projects and baseline studies on the
monitoring of oil, petroleum hydrocarbons and microbial pollution in sea water, heavy metals and
chlorinated hydrocarbons in marine organisms as well as research on the effects of pollutants
on organisms, populations, communities and ecosystems. In addition, four related projects were
also included to broaden the scope of the programme or to provide ancillary support.

Based on the recommendations made at various expert and intergovernmental
meetings, a draft Long-term (1981-1990) Programme for pollution monitoring and Research in
the Mediterranean (MED POL-Phase II) was formulated by the Secretariat of the Barcelona
Convention (UNEP), in co- operation with the United Nations Agencies which were responsible
for the technical implementation of MED POL-Phase I, and it was formally approved by the
Second Meeting of the Contracting Parties of the Mediterranean Sea against pollution and its
related protocols and Intergovernmental Review Meeting of Mediterranean Coastal States of the
Action Plan held in Cannes, 2-7 March 1981.

The general long-term objectives of MED POL-Phase II were to further the goals of the
Barcelona Convention by assisting the Parties to prevent, abate and combat pollution of the
Mediterranean Sea area and to protect and enhance the marine environment of the area. The
specific objectives were designed to provide, on a continuous basis, the Parties to the Barcelona
Convention and its related protocols with:

- information required for the implementation of the Convention and the protocols;

- indicators and evaluation of the effectiveness of the pollution prevention measures
taken under the Convention and the protocols;

- scientific information which may lead to eventual revisions and amendments of the
relevant provisions of the Convention and the protocols and for the formulation of
additional protocols;

- information which could be used in formulating environmentally sound national, bilateral
and multilateral management decisions essential for the continuous socio-economic
development of the Mediterranean region on a sustainable basis;

- periodic assessment of the state of pollution of the Mediterranean Sea.

The monitoring of, and research on, pollutants affecting the Mediterranean marine
environment reflects primarily the immediate and long-term requirements of the Barcelona
Convention and its protocols, but also takes into account factors needed for the understanding
of the relationship between the socio-economic development of the region and the pollution of
the Mediterranean Sea.

Individual and collective training is provided for scientists and technicians in techniques
(methods) required for their effective participation in monitoring and research envisaged in the
framework of MED POL - PHASE II.  This assistance is in the form of fellowships, experts, 
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workshops, seminars, grants for attendance to meetings, etc., and covers training in analytical
and sampling techniques, data processing, interpretation of results and various research topics.

As in MED POL-Phase I, the overall co-ordination and guidance for MED POL-Phase
II is provided by UNEP as the secretariat of the Mediterranean Action Plan (MAP). Co- operating
specialized United Nations Agencies (FAO, UNESCO, WHO, WMO, IAEA, IOC) are responsible
for the technical implementation and day-to-day co-ordination of the work of national centres
participating in monitoring and research.

The sixty-eighth volume of the MAP Technical Reports Series contains an overall report
on the Training Workshops on the Statistical Treatment and Interpretation of Marine Community
Data, which took place in the framework of the MED POL programme.  The volume also
includes the lecture notes in Annex.
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1.  INTRODUCTION

The Long-term Programme for Pollution Monitoring and Research in the Mediterranean
Sea (MED POL - Phase II), which constitutes the scientific/ technical component of the
Mediterranean Action Plan, is basically divided into two groups of activities, namely monitoring
and research.  The research component until 1989 covered twelve topics one of which
(research activity I) was concerned with the study of ecosystem modifications in areas
influenced by pollutants or where large-scale  coastal or inland engineering activities take place.
Presently, the research component includes five research areas one of which focuses on the
effects of marine pollution on marine life.

A number of research projects has been or is being implemented in the framework of
the research component.  Final reports on projects are published in the MAP Technical Reports
Series.

The FAO/UNEP Meeting on the Effects of Pollution on Marine Ecosystems (Blanes,
Spain, 7-11 October 1985) reviewed the work carried out within activity I.  Regarding methods
of data analysis, the meeting emphasized that no single method of analysis was adequate, and
that ecological data could only be fully interpreted with the aid of a range of data analysis
techniques.  The organization of formal training courses in methods of data analysis was
recommended.

Furthermore, the meeting recommended that in view of the wide range of criteria of
pollutant effects, and the wide range of methods of study which are in use in different regions,
a more rapid progress should be made in their evaluation and the identification of the most useful
approaches.

The IOC Programme on Global Investigation of Pollution in the Marine Environment
(GIPME) is developing through one of its groups, namely, the IOC/IMO/UNEP Group of Experts
on the Effects of Pollutants (GEEP), techniques for quantification of biological effects of
contamination including appropriate data analysis and sampling techniques. 

As one step in this process, IOC/GEEP organised a series of workshops on the
Biological Effects of Pollutants (Oslo, Norway, 11-29 August 1986; Bermuda, 10 September -
2 October 1988; Bremerhaven, Germany, 12-30 March 1990) at which participants were
engaged in measuring biological responses in material gathered along a gradient of
contamination and in material experimentally exposed to a mixture of contaminants in a
mesocosm facility, and then in comparing their findings with chemical determinations carried
out simultaneously.  In this way, the performance, sensitivity and relative strengths and
weaknesses of the biological procedures could be assessed in relation to common
environmental gradients.  The techniques tested included procedures to measure features of
benthic community structure.  Both field and experimental studies were subject to rigorous
statistical design and analysis, including coding and sampling so that biological analyses were
all performed "blind".

In 1987 the Inter-Agency Advisory Committee for the MED POL decided to recommend,
as a follow-up activity to the Blanes meeting, the organisation of a training course to help
Mediterranean scientists analyse statistically and interpret their data relevant to marine
community structures (mainly benthos and plankton).
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Organisational details

In 1988 the first regional FAO/IOC/UNEP Training Workshop on the Statistical
Treatment and Interpretation of Marine Community Data took place at the Marine Biological
Station in Piran, Yugoslavia (now Slovenia), from 14-24 June. It drew from the experience of the
"benthic community studies" component of the IOC workshop in Oslo and the associated
development of statistical analysis programmes (software) tested at that Workshop. The training
workshop was attended by 26 participants from ten Mediterranean countries (see Annex I for a
full list of scientists who benefitted from this series of workshops). 

As a large number of applications for participation in the workshop could not be
satisfied, it was decided by the relevant UN Agencies to hold two workshops at a national level
in the countries from which the majority of applications came from.  As a consequence, a
training workshop took place in 1989 in Athens, Greece from 18 to 29 September and in 1990
in Split, Yugoslavia (now Croatia) from 26 June to 6 July. The workshop in Athens was locally
organised by the National Centre for Marine Research in cooperation with the University of
Athens. It took place at the Biology Department of the University of Athens and was attended by
26 participants from all over Greece. The workshop in Split, Yugoslavia (now Croatia) took place
at the Institute of Oceanography and Fisheries and was attended by 17 participants from
Yugoslavia and 3 from Israel.

The fourth workshop in the series but second at a regional level, took place in
Alexandria (Egypt) from 9 to 19 December 1991. It was hosted by the Arab Maritime Transport
Academy and was attended by 21 participants from 7 Mediterranean countries. Finally, the
training workshop was repeated for a 5th and final time in Israel at a national level. However, this
time the workshop was condensed to five and a half days covering only the multivariate aspects.
The workshop took place at the University of Bar-Ilan from 14 to 19 June 1992 and was attended
by 15 participants from Israel.
  

Professor J.S. Gray (University of Oslo, Norway) and Dr. K.R. Clarke (Plymouth Marine
Laboratory, U.K.) both members of IOC/GEEP were responsible for the scientific programme
and the presentation of the lectures.  Dr. R.M. Warwick (Plymouth Marine Laboratory, U.K.)
joined the team of lecturers for the Athens, Split and Alexandria workshops. They were assisted
by Mr. M.R. Carr (Plymouth Marine Laboratory, U.K.) who was responsible for supervising the
preparation of the multivariate statistical software; he acted as demonstrator for the practical
sessions in all the workshops. Dr. E. Papathanassiou (National Centre for Marine Research,
Athens) acted as demonstrator in all workshops except the one in Piran.  Mr. B. Reppe
(University of Oslo, Norway) and Mr. R.G. Carter (NERC Computer Services, U.K.) acted as
demonstrators at the Piran and Athens workshops respectively. Mr. G.P. Gabrielides, FAO
Senior Fishery Officer (Marine Pollution) at the Coordinating Unit for the Mediterranean Action
Plan was in charge of the overall organization. The information of this section is summarised
in Table 1.
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Table 1

Summarised information on the workshops

Date Place Number of
participants

Lecturers/       
Demonstrators

1 14-24 June 1988 Piran, Slovenia 26 Gray, Clarke, Carr,
Reppe

2 18-29 September 1989 Athens, Greece 26 Gray, Clarke,
Warwick, Carr,
Carter,
Papathanassiou

3 26 June - 6 July 1990 Split, Croatia 20 Gray, Clarke,
Warwick, Carr,
Papathanassiou

4 9-19 December 1991 Alexandria, Egypt 21 Gray, Clarke,
Warwick, Carr,
Papathanassiou

5 14-19 June 1992 Tel-Aviv, Israel 15 Carr,
Papathanassiou

2.  PROGRAMME OF THE WORKSHOPS

The purpose of the 10-day training workshops was to expound, by means of lectures
and a thorough practical programme, some of the wide range of statistical tools that have
become available in the last few years for analysing community data (in the form of species
abundance and biomass), arising in studies of biological effects of pollutants.  The methods
covered ranged from "classical" univariate statistics applied to population abundances, diversity
indices etc., to multivariate clustering and ordination analyses, and other graphical techniques,
applied to large arrays of samples/species data.

The emphasis was on the practical application of statistical analyses to a range of data
sets from the literature, principally involving benthic communities examined along gradients in
space or time, and to data sets on species abundances that the participants were encouraged
to bring with them to the workshop.

Practical computations were performed on IBM/PC compatibles, using both the
commercial statistics package STATGRAPHICS (covering principally univariate statistics) and
the package PRIMER (Plymouth Routines In Multivariate Ecological Research), a suite of PC
programmes written at the Plymouth Marine Laboratory, U.K., covering mainly multivariate
statistics specific to community analyses and not available in commercial packages.  The
lectures and practical sessions drew from the experience of the benthic community studies
components of the IOC/GEEP workshops on Biological Effects of Pollutants mentioned above.
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Two categories of software were prepared: general data-handling programmes for
manipulating species/samples arrays (or any other arrays), and specific statistical software
(mainly multivariate) for analysing community data on abundance or biomass of a set of species
over a series of samples.

The programmes have been written specifically for IBM-compatible PCs. The work was
carried out by Mr. M.R. Carr, Mr. R.G. Carter and several students (Jane Addy, Ralph Bruno,
Robert Pritchard and Martin Budge) under the supervision of Mr. Carr and Dr. Clarke of the
Plymouth Marine Laboratory, United Kingdom.

The minimum hardware requirements for running the programmes are a machine
compatible with an IBM PC XT (or preferably, PC AT or PS/2) with 640K memory, a hard disk,
a maths co-processor, an EGA graphics board (if it is required to view plots on the screen), a
dot-matrix printer (for hard copy results listings and for low-resolution plots) and an IBM or other
flat-bed plotter compatible with a Hewlett Packard 7475 or 7470 (if publication-quality hard-copy
plots are required).

The programmes prepared are the following:

Data manipulation programmes

AGGREG   - Uses an aggregation file giving details of the genus/family etc. to which a species
belongs.  The input data file is a species abundance or biomass file in standard
format.  The rows (species of this file are pooled to produce an output file in
standard format with the same number of columns (samples) but a reduced
number of rows.  These rows will now represent genus/family etc.

COLTOT   - Adds or averages selected columns.  The input file is in standard format, and
the output is a standard format file containing the same number of rows.

CONFMT   - Converts between different file formats. It can convert between STANDARD, DIF,
CSV and TSV.

FILEFORM - Used to produce 'readable' data.  Many output data files contain data in scientific
format, for example 1.00000E+02 (equivalent to 100).  Input and output are
standard format files.

FILEINFO - File information programme.  Used to check for unexpected characters (keying
errors) in the data file; provides information on the size of the file (number of rows
and columns).  Input is a standard format file.

MERGE    - Merges two or more files either side-by-side or end-to-end.  All files are in standard
format.

QCKSTD   - Converts from quick format to standard format.  Various error checks are
provided.
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REDUCE   - Selects a subset of columns and rows.  The input file is in standard format, and
the output file is a subset of the input file in standard format.

SWAP     - Transposes a data file, i.e. rows become columns and columns become rows.
Input and output are standard format data files.

Statistical analysis programmes

ANOSIM   - Analysis of Similarities.  This is used to test for differences between groups of
samples.  Input is a similarity or dissimilarity matrix.

CASWELL  - Caswell's neutral model.  Input is a standard format data file.

CLUSTER  - Performs hierarchical agglomerative clustering.  The input data file can be a
species/samples file, or a similarity/ dissimilarity matrix.  A wide variety of options
are available covering data selection, standardisation, transformations, different
similarity measures and different link options.  The output takes the forms of a
results file, a similarity matrix, a plot file for input to DENPLOT, and an optional
command file for input to MDS.

CONPLOT  - Plots a sample (or species) configuration using the configuration file obtained
from PCA or MDS.  Environmental data can also be superimposed (as a
symbol of varying size) on the sample positions in the ordination.

DENPLOT  - Plots a dendrogram using the dendrogram file output by the CLUSTER
programme.

DIVERSE  - Calculates a suite of diversity indices for a species/ samples data file.  The input
file and the output file are in standard format.  In the output file, rows are samples,
and columns are the different diversity indices.

DOMPLOT  - Comparisons of dominance curves.  Graphical output in the form of
dominance curves is produced.  Input is a species-samples data file.

GEOPLOT  - Plots number of species against individuals per species in geometric size
classes, (i.e. 1,2-3,4-7 etc. individuals per species as size classes 1,2,3 etc.).
Input is a species-samples data file.

MDS      - Nonmetric multidimensional scaling programme.  Input files are the similarity
matrix and MDS command file from the CLUSTER programme.  The programme
outputs a results file and a configuration file.
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PCA      - Principal Components Analysis.  Input is a data file in standard format with
columns as the variables, and row as the replicates (samples).  The programme
outputs a results file and a configuration file.

SIMPER   - Examines the contribution of individual species to the Bray-Curtis similarity
measure.  Input is a standard format data file.

The workshops included a set of introductory lectures and practical sessions (refresher
course) on basic (univariate) statistics, so that all participants would be at comparable levels
when undertaking the second (multivariate) part of the course.  The emphasis given here was
not to statistical theory but rather to the practicalities that marine ecologists face.  Questions
treated covered such problems as: how many samples? or how large a sample should one
take?, what are the problems of sub-sampling?, what are the consequences of organisms being
clustered rather than randomly distributed in space? etc.  To answer these questions requires
an understanding of some basic statistical terms such as variance, standard deviation and
standard error, confidence limits, transformations etc.  The introductory course covered these
topics and then demonstrated how to compare univariate samples using Student's 't' test and
the analysis of variance, the relationships between samples using regression and correlation
analyses and finally non-parametric statistics.

The lecture material for the second part of the course was presented in the order of the
main steps in a field study of changes in community structure (through time or in space),
namely:

a) the use of multivariate methods (clustering and ordination) to represent graphically
the similarities between species abundances (or biomass) observed in a set of
samples;

b) the demonstration of statistically significant differences in species composition
between several sites (or the same site at several times) - this is a necessary pre-
requisite to further analyses attempting to explain those differences;

c) the construction of univariate indices (e.g. diversity, indicator species) and
distributional plots (e.g. individuals amongst species curves, abundance-biomass
comparisons) which indicate levels of disturbance or "stress" at sites;

d) the relation of both univariate and multivariate faunal descriptions to gradients of
chemical contamination and background environmental variables.

The practical sessions allowed the participants to apply the methods described in the
accompanying lectures, on published data sets chosen to illustrate changes in benthic
community composition at macrofaunal and meiofaunal levels, resulting from contaminant
impact by sewage sludge dumping, pulp mill effluent, oil spills etc.
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Throughout the second half of the workshop, periods of time were scheduled for
participants to enter and analyse their own data sets, using the new computing tools provided
by the course.  In the last two or so days, the emphasis was on completing at least a first
attempt at analysis and interpretation of all data sets brought to the course, and these were
successfully concluded by the end of the course.  A model programme of the workshops
appears as Annex II.
   

Comprehensive written material was prepared for all participants at the workshop,
consisting of detailed lecture notes on the statistical methods covered, including the results of
their use on real data sets.  The lecture notes distributed are attached to this report as Annex
III.

3.  EVALUATION OF THE WORKSHOPS

The evaluation of the workshops was based on an anonymous questionnaire which
was filled in by all participants at the end of the workshops.  The questions covered:

  i) the adequacy and accuracy of the pre-course information,
 ii) the arrangements for accommodation and course facilities,
iii) the quality and understandability of the lectures and other presentations,
 iv) the quality of the accompanying written material,
  v) the overall importance and success (or otherwise) of the course.

The most obvious feature of the results, in all cases, was the very high level of
satisfaction that participants expressed with virtually all aspects of the course; the overall
response was in fact very positive and enthusiastic. 

Questions on prior notification of the course content, levels of expertise expected etc
attracted excellent ratings except in one of the national workshops in this series. The institution
facilities were considered good or acceptable. Computing facilities varied depending on the
available PCs at each hosting Institution. However, every effort was made to make available one
PC for every two participants and one printer for every two PCs. The configuration varied from
XT-compatibles to PS/2; maths co-processors were necessary in all cases to speed up the
operations. The participants seemed to prefer machines of a more powerful nature while the
lecturers preferred an ample number of machines (at least one for every two participants) of
basically the same type and set up in the same way. Another point of interest was the computing
support from local staff, when occasional hardware or installation problems were encountered,
which was truly excellent in most of the cases. Installation and operation of the programmes was
straightforward and comparatively trouble-free. 

Some of the participants thought that the computer programmes were not easy to use.
This partly results from the fact that they had previously no experience of PCs but also, one
suspects, reflects the fact that those with some previous experience (the majority) were more
used to a Windows-type interface (a GUI - graphical user interface) which is becoming the
"norm" in mass-market PC software.
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The Introductory Statistics lectures, covering univariate statistical techniques such as
t-tests, ANOVA, regression etc were regarded as very important by nearly two-thirds of the
participants, and useful by all.  The STATGRAPHICS package, used to perform these analyses,
was also considered an essential part of the course by nearly all people. In the sessions of
analysing the participants' own data, several univariate analyses were important, particularly
higher-way analysis of variance and regression/correlation analyses.

The multivariate statistics lectures were clearly very well received. Both parts of the
written lecture notes were also clearly very satisfactory. The multivariate programmes covered
by the PRIMER package were considered as fulfilling their data requirements "well" (one-quarter
said "averagely").  This, along with other answers, reflects the careful selection of participants
most of whom had strong interest in analysing data sets of the type covered in the courses. 

In a few instances, participants thought that the course had packed too much material
into too short a time and in certain cases, language was identified as a barrier in absorbing so
much material in a limited period. 

Some of the comments made by participants were, that:

a) FAO/UNEP should assist laboratories to purchase a PC and copies of the
software packages

b) the workshop should last longer so that sufficient time would be available for
running programmes and for revising what had been learnt, at the end of each day.

c) FAO/UNEP should organise additional workshops on topics such as modelling of
ecosystems and time series

d) feedback with the lecturers/demonstrators was excellent, with the discussions on
individuals' data sets being particularly useful.

4.  CONCLUSIONS

Unquestionably, this series of workshops was ambitious in the scope and quantity of
its material but, by any standards of assessment, it must be regarded as a substantial success.
These workshops enabled 108 Mediterranean scientists to acquaint themselves with the recent
techniques in analysing statistically and interpreting marine community data. 

For both parts of the course, the lectures, written material, and programmes and
examples presented in the practical sessions, were clearly highly regarded, and the whole
course considered to be very well-structured.

Language difficulties were not the prominent feature anticipated, and though the
participants had widely differing past experience of statistical methods, the courses seemed to
settle quickly into a speed and level of exposition fitting the median requirements.

In all but a couple of instances, the participants were exceptionally well-motivated, very
keen, prepared to work long and taxing days, and able to take on board some very complex
concepts.  Though the general level of previous experience of statistics and microcomputing,
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 and the facility with spoken and written English, were variable, nonetheless all participants
seemed to feel that they had acquired relevant knowledge and experience from the two-week
period.  The maintenance of such a high level of interest must be attributed principally to the
relevance of the workshop material to the data analysis needs of the participants. An important
factor here was the practical nature of the workshop (in keeping with the underlying philosophy
of IOC/GEEP that advances in understanding of the biological effects of pollutants come through
practical application of methodologies rather than purely theoretical discussion of them).  An
important motivating element was the allowance of time within the programme for participants
to analyse their own data sets; by the end of the workshop all participants who had brought data
were able to make at least an initial analysis and interpretation of (possibly a subset of) their
data.

Several interesting discussions of participants' own research data were initiated and
it is anticipated that this should result in an improved quality of reporting and publication of their
work. The lecturers felt that not only had they made good contacts during the courses but that
mutual research interests were explored so that greater collaboration could be expected in the
future.

Lastly, there was a widespread (and unanticipated) call from the participants for a
follow-up meeting to discuss experiences in using these statistical analyses, and possibly to be
updated on any further research or software developments, perhaps arising from the further
planned development and practical testing activities of IOC/GEEP.
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ANNEX I

LIST OF PARTICIPANTS

  1) ABELSON A., Department of Zoology, Tel-Aviv University, Ramat-Aviv, Israel

  2) AGIOVLASSITI O., Ministry of Agriculture, Department of Aquaculture, Athens, Greece

  3) ANGEL D., Israel Oceanographic and Limnological Research Ltd. National Center for
Mariculture, Eilat, Israel

  4) AVCIN A., Marine Biological Station, Piran, Slovenia

  5) AVIV R., Israel Limnology Oceanography Research, Haifa, Israel

  6) BAKALEM A., Institut des Sciences de la Mer et de l'Aménagement du Littoral (ISMAL),
Alger, Algeria

  7) BARANOVIC A., Institute of Oceanography and Fisheries, Split, Croatia

  8) BASSO D., Università degli Studi di Milano, Dipartimento di Scienze della Terra,
Sezione di Geologia e Paleontologia, Milano, Italy

  9) BEI F., National Centre for Marine Research, Athens, Greece

 10) BEN-ELIAHU N., Life Sciences Institute, Department of Systematics, Ecology and
Evolution, The Hebrew University of Jerusalem, Jerusalem, Israel

 11) BEN-ZION M., Department of Chemistry, Bar-Ilan University, Ramat-Gan, Israel

 12) BRIKNER I., Department of Life Sciences, Bar-Ilan University, Ramat-Gan, Israel

 13) CATSIKI A.V., National Centre for Marine Research, Athens, Greece

 14) CHAFFAI HAMZA A., Laboratoire de l'Environnement et de la   Physiologie des
poissons, Département de Biologie, Faculté des Sciences de Sfax, Sfax, Tunisia

 15) CHRISTAKI U., National Centre for Marine Research, Athens, Greece

 16) CHRISTOU E., National Centre for Marine Research, Athens, Greece

 17) DANIELIDIS D., Department of Biology, University of Athens, Athens, Greece

 18) DEL PIERO D., Laboratory of Marine Biology, Department of Biology, University of
Trieste, Trieste, Italy

 19) DOLEV Y., Department of Ecology, Systematics and Evolution, The Hebrew University
of Jerusalem, Jerusalem, Israel
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 20) DULCIC J., Institute of Oceanography and Fisheries, Split, Croatia

 21) EISA S.A., National Institute of Oceanography and Fisheries, Ministry of Scientific
Research and Technology, Alexandria, Egypt

 22) EL-EZZ S.A., National Institute of Oceanography and Fisheries, Ministry of Scientific
Research and Technology, Alexandria, Egypt

 23) EL-KOMI M., National Institute of Oceanography and Fisheries, Ministry of Scientific
Research and Technology, Alexandria, Egypt

 24) EL-RASHIDY H., Alexandria University, Department of Oceanography, Alexandria,
Egypt

 25) EL-SAYED RAMADAN Sh., National Institute of Oceanography and Fisheries,
Alexandria, Egypt

 26) EL-SHERIF Z., National Institute of Oceanography and Fisheries, Ministry of Scientific
Research and Technology, Alexandria, Egypt

 27) EL-ZIANI I.S., Marine Biology Research Centre, Tripoli, Libya

 28) FANUKO N., Marine Biological Station, Piran, Slovenia

 29) FARSTEI B., Interuniversity Institute of Eilat, Eilat, Israel

 30) FERNANDEZ de PUELLES M.L., Spanish Institute of Oceanography, Baleares
Laboratory, Palma de Mallorca, Spain
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ANNEX II

MODEL PROGRAMME OF THE WORKSHOPS

First day

Registration of participants

Opening of the Workshop

I.1 The precision of the mean and confidence limits by J.S. Gray

Coffee break

Introduction to PC-DOS and STATGRAPHICS by M.R. Carr

Lunch break

Practical session on PC-DOS and introduction to STATGRAPHICS

Second day

I.2 Spatial dispersion of populations and transformations of data by J.S. Gray

Practical session on I.1 and I.2

Coffee break

 Practical session on I.2

I.4 Comparing samples: t-test and paired t-test by J.S. Gray

Lunch break

  Practical session on I.4

Discussion of arrangements for analysing participants' own data sets

Third day

I.4 Analysis of variance by J.S. Gray

Practical session on I.4

Coffee break

Practical session on I.4
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I.5 Regression and correlation by J.S. Gray

Lunch break

Practical session on I.5

Introduction to entering or reformatting own data sets by E. Papathanassiou

Practical session on entering or reformatting own data

Fourth day

I.6 Non-parametric methods by J.S. Gray 

Practical session on I.6

Coffee break

  General lecture on biological effects and monitoring of pollutants by J.S. Gray 

Lunch break

Practical session on own data sets (univariate analysis only)

Question and answer session on basic (univariate) statistics

Fifth day

II.1 A framework for studying changes in community structure by R.M. Warwick

II.2 Multivariate methods: measures of similarity of species abundance/ biomass between
samples by K.R. Clarke

Coffee break

Practical session on lecture II.2 (by hand)

II.3 Multivariate methods: hierarchical clustering by K.R. Clarke

Lunch break

Practical session on lecture II.3 (by hand)

Introduction to multivariate software by M.R. Carr

Practical session on lectures II.2 and II.3 (on computer)
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Sixth day

II.4 Multivariate methods: ordination of samples by Principal Components Analysis by
K.R. Clarke 

Continued practical session on lectures II.2 and II.3

Coffee break

II.5 Multivariate methods: ordination of samples by Multi-Dimensional Scaling (MDS) by
K.R. Clarke

Lunch break

Practical session on lectures II.4 and II.5

Seventh day

II.8 Univariate and distributional methods: diversity measures, dominance curves and
other graphical analyses by R.M. Warwick

Practical session on lecture II.8

Coffee break

Continued practical session on lecture II.8

II.10 Species aggregation by R.M. Warwick

Lunch break

Practical session on own data sets

Eighth day

II.6/7 Testing for differences between groups of samples, and species contributions by K.R.
Clarke

Coffee break

Practical session on lecture II.6/7

Lunch break

II.9 Transformations by K.R. Clarke

Practical session on own data sets
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Ninth day

II.11 Linking community analyses to environmental variables by  K.R. Clarke

Practical session on lecture II.11

Coffee break

II.12 Causality: community experiments in the field and laboratory by R.M. Warwick

II.13 Data requirements for biological effects studies: which components and attributes of
the biota to examine?

Lunch break

Practical session on own data sets

Tenth day

II.14 Relative sensitivities and merits of univariate, graphical/ distributional and multivariate
techniques by R.M. Warwick

Practical session on own data sets

Coffee break

Practical session on own data sets

Arrangements for obtaining and mounting multivariate software by M.R. Carr

  Lunch break

Discussion of participants' own data results

Question and answer session on multivariate/graphical methods

Note: The numbering of lectures corresponds to the order of material presented in the
Workshop notes:  the Part I lecture notes (I.1 to I.6) by Prof. Gray deal with basic
(univariate) statistics and the Part II notes (II.1 to II.14) by Drs Clarke and Warwick
deal with multivariate community analyses.  The other (unnumbered) lectures
detailed above are not covered in the formal lecture notes but hand-outs will be
available with the lecture, in some instances.  A separate set of notes by Mr Carr
covers the practical details of using the computer programs for multivariate
analysis, developed at the Plymouth Marine Laboratory.
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ANNEX III

LECTURE NOTES
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INTRODUCTION

This annex is divided into two parts.  Part I contains the six introductory lectures and
Part II the lectures on multivariate analysis.  No lecture notes were available for the informal
lectures which did not constitute the core of the workshop but hand-outs were made available.
A separate set of notes covering the practical details of using the computer programmes for
multivariate analysis was distributed.

The following lectures which deal with some basic and important statistical concepts
and their practical application are contained in Part I.

Lecture  1: The precision of the mean and confidence limits

Lecture  2: Spatial dispersion of populations and transformations of data

Lecture  3: Sampling and sub-sampling

Lecture  4: Comparing samples: 't' test, paired 't' test and analysis of variance

Lecture  5: Regression and correlation analyses

Lecture  6: Non-parametric methods

The following lectures which are principally concerned with graphical and multivariate
statistical analysis of community data are contained in Part II.

Lecture  1: A framework for studying changes in community structure

Lecture  2: Multivariate methods: measures of similarity of species
abundance/biomass between samples

Lecture  3: Multivariate methods: hierarchical clustering

Lecture  4: Multivariate methods: ordination of samples by Principal Component
Analysis (PCA)

Lecture  5: Multivariate methods: ordination of samples by Multi-Dimensional
Scaling (MDS).

Lecture  6: Multivariate methods: testing for differences between groups of samples

Lecture  7: Multivariate methods: species analyses

Lecture  8: Univariate and distributional methods: diversity measures, dominance
curves and other graphical analyses

Lecture  9: Transformations

Lecture 10: Species removal and aggregation
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Lecture 11: Linking multivariate and univariate community analyses to environmental
variables

Lecture 12: Causality: community experiments in the field and laboratory

Lecture 13: Data requirements for biological effects studies: which components and
attributes of the biota to examine?

Lecture 14: Relative sensitivities and merits of univariate, graphical/distributional and
multivariate techniques.
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CONCLUSIONS:  For nematodes, univariate, graphical/distributional and multivariate
methods all distinguish disturbed from undisturbed sites.  For copepods only the multivariate
methods do.  Univariate and graphical/distributional methods indicate different responses for
nematodes and copepods; multivariate methods indicate a similar response.

GENERAL CONCLUSIONS

Three general conclusions emerge from these examples:

1. Similarity between sites based on their univariate or graphical/distributional properties
is usually different from their clustering in multivariate analyses.

2. SPECIES DEPENDENT (multivariate) methods are much more sensitive than
SPECIES INDEPENDENT (univariate and graphical/distributional) methods in
discriminating between sites.

3. In examples where more than one component of the fauna has been studied,
univariate and graphical/distributional methods may give different results for different
components, whereas multivariate methods tend to give the same results.

The sensitive multivariate methods are only capable of detecting differences in
community composition between sites, although these differences can be correlated with
measured levels of stressors such as pollutants.  Only the species independent methods of data
analysis can be used to determine deleterious (stress) responses.  There is a need to develop
techniques for determining stress which utilise the full multivariate information contained in a
species/sites matrix.

RECOMMENDATIONS

At present, it is important to apply a wide variety of classes of data analysis, as each
will give different information and this will aid interpretation.  Sensitive multivariate methods will
give an 'early warning' that community changes are occurring, but indications that these
changes are deleterious are required by environmental managers, and the less sensitive
species independent methods must be used.



FURTHER READING

For general texts on multivariate methods, the two books by Everitt (1978 and 1980)
are useful introductions, and Chatfield and Collins (1980) can be recommended (though requires
some knowledge of matrix algebra and statistical inference).  A more detailed, but still
approachable, exposition of MDS is the monograph by Kruskal and Wish (1978).  (None of these
texts is written from an ecological viewpoint).

Papers which reflect the approach taken in these lectures include Field et al. (1982),
Warwick (1986), papers from the GEEP Oslo Workshop Proceedings
(Mar.Ecol.Prog.Ser.Vol.46), e.g. Gray et al. (1988), Warwick et al. (1988), Clarke and Green
(1988), and from the GEEP Bermuda Workshop Proceedings (to appear in J.Exp.Mar.Biol.Ecol.
in July 1990), viz. Clarke (1990) and Warwick et al. (1990).
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