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1. Final Project Report

1.1. Introduction 

The Black Sea continental shelf constitutes an area of vital economic importance in relation to fisheries, tourism and coastal zone management. The Black Sea marine ecosystem suffers from a multitude of problems including widescale pollution, eutrophication and anoxia (Mee & Topping, 1998), overfishing and collapsing fisheries (Zaitsev, 1992), cascading effects on lower trophic levels, changes in benthic communities and production, impacts on sea mammals, loss of biodiversity, invasion of alien species and toxic algal blooms (Balkas et al., 1990). 

Several NATO (NATO TU-Black Sea) and EU studies such as PHARE & TACIS, as well as international initiatives and programmes such as BSEP, CoMSBlack (IOC) and GEF (Delta Danube, Danube River Basin) (Mee & Topping, 1998) address some of these problems which include water circulation, eutrophication, oil pollution, overfishing, microbiological contaminants, coastline changes and inadequate resource management in the Black Sea region. 

In addition the impact of trawling activities upon the Black Sea environment and the benthic organisms had serious direct effects with the destruction of the bottom habitats, disruption of communities and mortality caused by the towed gear. The resulting loss in production potential of the bottom ecosystem had severe repercussions on the viability of the fish stocks, ultimately resulting in the collapse of fisheries since the 1980s. This led to an overall trawling prohibition allowing only mid-water trawl fishery and dredging for shellfish. Monitoring of the state of fisheries including fish stocks and the environment are carried out by National Institutes or regional research organisations.

The importance of the impacts of fishing activities such as different types of fishing gear on the marine environment has received much attention in recent years through ICES programmes and EU state-of-the-art funded research in Europe (Lindeboom & de Groot, 1998) while no such investigations exist in the Black Sea. Understanding the physical and biological processes of the marine ecosystem is an essential prerequisite for the better management of fish stocks. Fisheries investigations therefore require information from different sources which deal not only with the study of fish populations, but also provide information concerning the needs and requirements of the fish in their natural environment. 

The need for accurate information on the structure and dynamics of the Black sea ecosystem is now more pressing than ever. Extrapolation of information originating from different ecosystems has always resulted in gross inaccuracies and erroneous conclusions. The Institute of Marine Biology of Crete has considerable expertise in this field through its involvement in several fisheries impacts investigations in EU state-of-the-art funded research and participation in ICES.  

Against this background additional anthropogenic activities on the continental shelf environment and the fish populations have exacerbated the existing problems and the overall ecological balance.

Economic and environmental considerations concerning the carrying capacity and production potential and in particular the commercially exploited fishing grounds, have dictated the investment of time and effort. The Institute of Fishing Resources, Varna, Bulgaria is actively involved in monitoring fish stocks and the state of fishing, and, most importantly, in policy making for the Bulgarian sector of the Black Sea continental shelf.  

In the absence of any precise information on the extent of environmental degradation as well as the understanding of the underlying regulatory mechanisms in fish production, an application was made from the Institute of Marine Biology of Crete (in the shape of the former SfS team)  which had long expertise in this line of research and the Institute of Fishing Resources in Varna, Bulgaria, as the Cooperation partner, which is responsible for fisheries research for the whole Bulgarian sector to the Science for Stability OUTREACH programme of the Scientific Affairs Division. 

Beside the ecological importance of the existing situation, the loss in revenue was the primary cause in the disruption of the economy and the deterioration of the social fabric of the coastal communities. Measures which could assist in ameliorating the existing situation and in the return (as near as possible) to an ecological balance could not but benefit that part of the population which is involved in the fishing industry.

2.        Objectives of the Project

2.1. 
Scientific Objectives

The importance of the impact of demersal fishing gears on the marine environment has been highlighted in recent years principally through studies undertaken in the North Sea in the context of ICES programmes or funded by the European Commission (Lindeboom & de Groot, 1998). 

It has been established that trawling can have considerable impact on the marine environment by removing, destroying or damaging a number of organisms over a given area. The gear disturbs the sediment surface, destroying the habitat and causing mortality of the benthic organisms leading to an overall reduction in production which could be available to fish. 

Investigations in the Eastern Mediterranean on the effect of trawling gears on the sea floor are represented only by studies in Greek waters which were initiated by IMBC in the last three years (Smith et al. 1999). No such investigations exist for the Black Sea.
The universality of the underlying principle of this type of investigation allows the application of the same methods and techniques in a similar environment but in a different area, which receives the same or different exploitation pressure. 

The initial objective of this project was threefold: a) to identify and quantify environmental and biological changes in the fishing grounds by a combination of methods involving direct and indirect observations and measurements and b) to train the IFR staff in modern techiques and approaches with both talks and hands-on experience in experimental design, execution and data analysis. c.) to familiarise the SfS team with a different set of practical problems and in decision-making concerning the formulation of environmental management strategies.

The project was programmed to be implemented in two phases: the first phase of the project (Task 1 Objectives (a) and (c) which included the basic organisation and coordination of the project, consultation between partners and training in field sampling methods and laboratory techniques which could provide the background for studying the trawling effects) was successfully implemented and created the basis for the further evolution of the project in the SW continental shelf of the Black Sea.

The second phase of the project (Task 2 Objective (b) which involved in situ training of the Cooperation partners in Varna, could not proceed as programmed as a result of operational and financial difficulties involving the transport and security of the equipment to the selected location under investigation. This entailed an urgent re-programming of the project, concentrating on intensive and comprehensive training of the Varna personnel at the Institute of Marine Biology of Crete, using the installations and the facilities (RV Philia), gaining expertise both in the field and in the laboratory and having unrestricted access to the Institute΄s data.

Modification of the original plan (requested by Prof. A. Eleftheriou 4.9.98 and approved by Dr. de Wispelaere (Doc. No. 434) on 4.11.98) entailed training of the Varna personnel at the Institute of Marine Biology of Crete with hands-on experience in setting up a state-of-the-art field experiment from the design phase through to the execution and data analysis with the free use of RV Philia and unrestricted access to the Institute΄s data.This modification gave the Varna personnel an additional benefit in respect of attendance at meetings, lectures and participatation in international prestigious Symposia not only at the Institute but also abroad, on many aspects of Marine science relevant to the project΄s objectives.

2.2. Economic Objectives 

Investigations on the effects of trawling activities upon the environment, the benthic communities and the productivity of fishing grounds provide a genuine understanding of the mechanism of the extent of the impact which has not only an ecological but also an economic dimension. This improved understanding enables scientists to assess the situation and  take measures in order to deal more precisely and more efficiently with the development of a rational system of management. Studies on ecosystem effects of fishing have become an essential tool towards the development of sustainable fisheries and future maximisation of the utilisation of the sea. The consequences of the dramatic changes which occurred since the early 1970΄s both in the environment but also to fisheries with the decline in many economically important fish species and the total collapse of others require socio-economic indicators (Leppakoski & Mihnea, 1996). The overall effect of these alterations in the services and amenities that the sea provides to human populations is of paramount importance. This approach is particularly relevant in the Bulgarian coast where contributions by marine products and services are essential for regional welfare and development.  

2.3. Participation by other national institutions/industries 

The Institute of Marine Biology of Crete has substantial expertise in the line of research of ecosystem effects of fishing through its involvement in several fisheries impacts investigations in EU state-of-the-art funded research as well as participation in ICES working groups and conferences. It was therefore possible to assemple a team of scientists at IMBC, Department of Marine Ecology and Biodiversity to undertake every aspect of the project. Nevertheless collaboration was initiated with the University of Crete (Ecology Lab), and other IMBC Departments including the Dept. of Fisheries, Dept. of Marine Information Systems and electronic applications, Dept. of Oceanography (Plankton laboratory) and Aquaculture Dept. Contacts were also made for future collaboration with the Genetics Lab for further collaboration in fish genetics between IMBC and IFR in Varna. 

2.4. Training and infrastructure

Over the course of the project IFR staff were trained at the Institute of Marine Biology of Crete in depth in various aspects of the work, gaining experience and enabling the project to be implemented and at the required international standard. 

Training included hands-on experience in setting up a state-of-the-art experiment and carrying it out from the design phase to the execution which involved underwater television and photography, sampling methods for organisms and biota in connection with a fishing-generated disturbance. It also included laboratory processing of material and data analysis which allowed quantitative assessment of the trawling activities. Part of the training included extensive participation in laboratory discussions, lectures, seminars, workshops and in international high-level Symposia both in Greece (Heraklion and Athens) and France (Montpellier) on fisheries ecology and environmental problems related to fisheries activities.

IMBC personnel training consisted in the adaptation of the existing methodology and techiques in different fishing gear with correspondingly different environmental impacts.

The training carried out had measurably successful outcomes, and it is anticipated that important benefits will accrue to the scientists and institutions. Skills have been developed and the tools provided which are necessary for a differently-oriented type of research which could be applicable not only to this project but also to a host of other investigations in which the IFR staff in Varna can play a pivotal role in Bulgarian marine sciences. 

2.5. International Cooperation

The project gave the opportunity to IFR personnel to establish contacts with several scientists and their organiastions (universities, research institutions, international organisations) in Greece and many EU and non-EU countries. The formal and informal links thus established have resulted in short-term cooperation in research projects in fisheries as well as creating prospects for longer-term cooperation through joint research both in the Eastern Mediterranean as well as in the Black Sea.  

3.    Realization of the project

The nature of this project required the collaboration of a small team of scientists from the Co-ordinating Institution with a corresponding team of scientists from IFR. The identification of priorities and the formulation of the appropriate strategy were effected in the first phase of the project which established the framework of the cooperation and the allocation of tasks. The expertise and competence of the IFR scientists were paramount in the formulation of a comprehensive plan for the realization of the project.

Investigations in the study area consolidated the elements of this project as formulated in the study proposal. However the technical and economic difficulties concerning the realization of the second phase dictated a transfer of location to the Cretan Sea where scientists from the co-ordinanting institution provided the inputs of technical but also scientific know-how, with up-to-date laboratory and field techniques as well as in the analyses and interpretation of the results.

Of major importance to the success of the project was the support provided by the Institute of Marine Biology of Crete set up in the late 80΄s by the then Ministry of Industry, Research and Technology, in which NATO projects GR-FISHECO, GR-FISHPOP AND GR-TRAWLER, funded under the SfS Programme of the Scientifric Affairs Division of NATO, were instrumental in creating a research nucleus which later became the Institute of Marine Biology of Crete. Training of the IMBC personnel, provision of facilities and the construction of R/V Philia provided all the means for the materialisation of an important research establishment in the Eastern Mediterranean.

The OUTREACH project was coordinated by the Project Director with the assistance of the Project manager and the Financial Officer, jointly responsible for the technical and support requirements and the accountancy aspects of the project. A scientific Steering Committee consisting of the project personnel under the guidance of the project manager was responsible for the programmation of the different phases of the project and was responsible for liaising with the IFR partners to achieve the efficient coordination and execution of the individual tasks.

The SfS OUTREACH grant totalled 2.500.000 BEF, while an additional amount represented the national contribution for the project provided by the Institute of Marine Biology of Crete in terms of manpower, free access to technical equipment, laboratory facilities, consumables, library facilities support, the R/V Philia services and Institutional and secretarial support. 

4.  Scientific Results 

4.1. Introduction

After the completion of the first phase (Task 1) of the project and taking due consideration of the previously stated problems for the implementation of the entire work programme in the Black Sea, it was decided to carry out the work programme in the Cretan Sea. Although the latter constitutes a geographically different area, there are nevertheless many similarities in environmental aspects (shallow shelf, fine sediments), intensive fisheries by bottom trawling,  evidence of marked environmental deterioration and collapsing fisheries, characteristics common to heavily exploited grounds in coastal areas.

The components of the work programme integrated classical, reliable methods used in the study of the biotic indices of the different size classes of the benthos and the benthic environment (consisting of a large number of field techniques and laboratory-based analyses (Eleftheriou & Holme, 1984) ), with a combination of up-to-date techniques capable of providing direct assessment of the benthic environment and the fauna by means of underwater television, side scan sonar and the sediment profiling imaging system REMOTS.

By means of exchange of information (electronically and directly, during the actual visits) concerning the overall coordination of the project, applied methodologies in connection with the environmental problems related to over-exploitation of fish stocks were discussed. In addition, laboratory demonstrations and sampling of water, sediment and benthos ere performed from the IFR’s RV Prof. A.Valkanov. The ship’s operational capabilities concerning the deployment of underwater equipment were also ascertained.

Thus, having established the IFR cooperation partners΄ competence in the use of conventional methods for the study of the benthic fauna, fish and the environmental parameters, the SfS team concentrated on the direct methods for the assessment of the impacted areas, of which the most important was the demonstration and the familiarisation of the IFR personnel with these techiques and more importantly the training in the theoretical and practical aspects in the use of the equipment. For this reason analysis of the faunal and sediment samples was not always carried out in detail as it was secondary to the training objectives.

To accomplish the training objectives, an experiment was set up and a study ground in the Cretan Sea was carefully selected for investigation. (Fig.1. & Fig.2.) Sites were chosen to allow for comparisons to be made between an area heavily impacted by the local otter trawl fishery targeting the shrimp Parapenaus longirostris and a unimpacted (control) area. 

An Aegean management strategy, not found in the Black Sea, is that of open (1st October to the 30th May) and closed (1st June to 30th September) seasons for trawling. Investigations during this project took place at the end of March, in the middle of the open fishing season. 

On each ground a range of data was collected using rapid-assessment techniques according to standardized protocols to assess the various aspects of environmental impact of trawling. These included localized assessment of fishing effort, assessment of bottom disturbance using sidescan sonar, assessment of the damage load, benthos sampling, population densities (including sampling replicabilities) and functional group determination of the vulnerable megafaunal epibenthos sampled with Agassiz trawls. 

These direct and indirect techniques were ground-truthed using towed-sledge underwater video cameras. Data were related to sea-bed hardness/compaction via granulometric and penetrability analysis. Analyses of such data should allow recommendations of how to define most efficiently the environmental impacts of the otter trawl, a little-studied so far, but economically very important demersal gear type. 

The training exercise also included demonstrations of grab sampling for sediments and macrofauna, water sampling with Niskin bottles and CTD profiling, as well as operations for underwater observation and assessment equipment such as video sledge, sidescan sonar, Agassiz trawl and REMOTS system (Sediment Profiling and Imaging system) on the RV Philia.   
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Figure. 1. Aegean Sea and Cretan Sea.

4.2   Methods

4.2.1. Study site

The study site selected, of well known characteristics and faunal data 

(Eleftheriou & Smith, 1993), is situated in the Cretan Sea (South Aegean Sea), in Iraklion Bay, to the south of the island of Dia (Fig. 1 & Fig.2). 
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Figure 2. Iraklion Bay on the Cretan Sea (South Aegean)

Two sites were chosen to allow for comparisons to be made between an area heavily impacted by the local otter trawl fishery targeting the shrimp Parapenaus longirostris and a unimpacted (control) area. (Fig. 3). 
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Figure 3. Sampling site, south of Dia island, showing commercial fishing lane and control (unimpacted) area.
On each ground an operational zone was defined within the boundaries of which the study was effected. Both sites were at around 200 m depth at silty sediments, one inside the commercial fishing lane and one outside the lane as the control.

Sampling, on board the R/V Philia (the IMBC research vessel, Plate I), took place at the end of March, in the middle of the open fishing season.
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Plate I. The R/V Philia, the research vessel of the Institute of Marine Biology of Crete.

4.2.2. Seabed Video Recording

A video sled (Plate IIa. & Plate II.b.) was used to make recordings along the seabed in areas impacted by bottom trawling and adjacent control (untrawled areas). The sled consisted of an aluminium frame mounting a colour CCD camera (Osprey, OE1360) mounted to look obliquely forward. The camera was angled to a precalibrated stop, so that on the video monitor, two thirds of the screen down represents a width of 65 cm on the seabed. Resolution of imaged objects was in the order of 2 cm. Lighting was provided by four 500 W light units (Versabeam, Deep Sea Power and Light), also mounted looking obliquely forward in front of the camera. 

The sled was towed at low speed (1 to 1.5 knots) behind the ship on a 12 mm steel wire with camera umbilical loosely attached approximately every 20 m. The first 20 m of towing warp were buoyed to reduce the possibility of the warp lying on the sediment surface and causing a sediment cloud. The umbilical was connected to a surface control unit (Cyclops, Osprey) which had an external video monitor (Sony) and recording unit (Panasonic, VHS).

Tows with the video sled were made in a zig-zag fashion across the trawl lane, covering both the inside and the outside of the lane. The position of the ship was noted at 5-minute intervals during towing by recording GPS coordinates. An observer constantly kept detailed notes on what was visible on-screen with respect to general conditions, the presence and direction of trawling marks, the presence and numbers of fauna and faunal marks on the sediment surface (particular types of burrows and mounds), the type of sediments and the geomorphology of the area.

4.2.3. Megafaunal Sampling

A standard 2 m Agassiz beam trawl (Plate IIIa & Plate IIIb) was used, fitted with a 1 cm mesh bag liner. The beam trawl haul in experimental areas was of 30-minute duration undertaken at a speed of 1 - 2 knots (Eleftheriou & Smith, 1993). GPS positions were noted every 5 minutes whist the trawl was on the seabed. Distances covered by each trawl were calculated and abundances and biomasses were to be expressed per 1000 m2.

On recovery, the trawled material was roughly sorted on the ship, photographed along with a station identification card, transferred to a suitable container and fixed in 10% formalin. Further processing took place in the laboratory where the fauna were to be identified and enumerated. Crustaceans were also sexed and measured for cephalothorathax length. Assessment of the damage load was to be made noting damaged individuals (lost arms, regenerating arms, presence of scars or broken shells).
4.2.4. Sediment Profile Imagery (SPI)

This system (Plate IVa & Plate IVb) was used to take photographs of the sediment profile, providing information on the physico-chemical and to a certain extent, the biological characteristics of the sediment. 

The SPI system consists of a wedge-shaped prism with a Plexiglas face plate; light is provided by an internal strobe. The back of the prism has a mirror mounted at a 45-degree angle to reflect the profile of the sediment-water interface up to the camera, which is mounted horizontally on the top of the prism. The prism is filled with distilled water, and because the object to be photographed is directly against the face plate, turbidity of the ambient seawater is never a limiting factor. 

The system can take a large number of profile photographs (36) on one deployment by lifting/lowering over a 5 m height while drifting over the bottom. SPI images give a largely undisturbed 15 cm wide view of the sediment/water interface to a possible depth of more than 20 cm, to enable quantitative estimations to be made of the physico-chemical parameters of the sediment with respect to grain size and relative compaction, oxygen penetration and anaerobic levels. 

The REMOTS system is also capable of providing information on fauna and faunal reworking (feeding voids, vertical and horizontal burrows, etc.). All these parameters are of key importance in terms of measuring perturbations in marine soft sedimentary ecosystems with a direct consequence for environmental impact and ecosystem studies. 

Images were recorded on colour slide film and were then digitised and analysed using Adobe PhotoShop software. Image resolution was at the millimetre level.

4.2.5. Additional Methodologies

The participants also looked at a number of techniques that can be used for investigating environmental impacts. These included conventional grab sampling for studies of macrofaunal communities and sediment parameters and Niskin water bottle samplers for collection of bottom waters in relation to impacts of trawling on the water column (release of nutrients and resuspension of phaeopigments). 

In addition to the technological methodologies outlined above, the participants were introduced to the use of side scan sonar (Geoacoustics Dual Frequency system) (Plate Va & Plate Vb). This acoustic imaging methodology is used for wide area survey (swaths of 200 m) with relatively low resolution (20 cm). 

A transmitting and receiving towfish is towed just above the bottom whilst the images are continuously processed and displayed on a waterfall screen on board the support vessel. The black and white 2-dimensional image is able to show bottom topography and major seabed features, including trawl door drag marks (Plate VI).

4.3. Results
4.3.1. Video Observations

Video observations in the area of the commercial fishing ground were carried out along the sled tracks shown in Fig. 4. The dominant visible megafauna included the echinoderms Stichopus regalis (holothuroid), Ophiura texturata (ophiuroid) and Leptometra phalangium (crinoid) and the shrimp Parapenaeus longirostris, one of the major target species for the local fishery. Numbers of fish were also noted, particularly the goby Leseurigobius friesii as well as unidentified flatfish and some triglid species. 

Biogenic structures were present in all areas, characterised by burrow openings and small sediment mounds. These structures were most probably attributable to crustaceans, principally thalassinidean shrimps and the crab Goneplax rhomboides, possibly echiuran worms and the burrowing fish Leseurigobius friesii. 

Anthropogenic features were visible in the trawl lane in the form of trawling marks, notable in the form of lack of microtopography (lack of rolling bioturbated sediment), the presence of deep furrows (trawl door marks), scrape marks (from trawl wires) and a general soft surface appearance caused by recently settled sediments (Plate VII). Epifauna and the presence of burrows were noted to be scarce in these areas and Leptometra was found only in aggregations away from the main trawling lane.
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4.3.2. Megafaunal Samples

Though it was not possible to make a full analysis of the Agassiz trawl catches within the scope of the exercise, it was possible to make some  observations in the two studied areas (trawl tracks shown in Fig. 5). The dominant fauna was also recorded during the video observations. In addition the trawl allowed the collection of smaller, less visible megafaunal species and also some of those megafaunal species that live within the sediment. Dominant species included the gastropod Apporhais pespelecani, and in common with the video observations, the echinoderms Stichopus regalis (holothuroid), Ophiura texturata (ophiuroid) and Leptometra phalangium (crinoid) and the shrimp Parapenaeus longirostris. The trawl catch photographs (Plate VIII) gave an immediate indication that the samples from the control area were larger and more diverse than those from the trawl area. Particularly evident in the control area were the large numbers of Leptometra phalangium, found in very low numbers in the trawl lane.
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4.3.3. Sediment Profile Imagery

After development of the slides and digitization, the images were viewed by the project participants (Plate IX). Using analytical software, the scale of the images were calibrated and individual measurements were made for maximum, minimum and average penetration. Surface roughness was calculated as the difference between maximum and minimum penetration. Notes were also made of any other features observed. Table 1. shows the summary data from the analysis. The SPI system had a much deeper penetration in the untrawled control area, indicating that the sediments in this area were much less compact than in the trawled area. The surface roughness in the untrawled area was also considerably greater than that found in the trawled area, indicating a much higher degree of microtopography. One or two of the images in the trawled area had very rough sediment surfaces, but these had hard edges and nearby mud clasts indicating that the SPI system had managed to image a scrape mark on the sediment surface from trawling gears.

Table 1.  Results from REMOTS sediment profile image analysis, indicating number of photographs analysed for each area, mean penetration with 95% confidence interval and mean surface roughness with 95% confidence interval.



Penetration

Roughness



No.
Mean
95% CI
Mean
95% CI

Trawled
13
7.23
0.88
0.98
0.3

Untrawled
12
10.07
1.05
2
0.7

4.4. Discussion

The methodologies utilised in this experiment gave clear evidence of differences between the trawling area and the adjacent untrawled control area which could be attributed to the impact of trawling. 

The video observations indicated that the surface layers of the sediment showed considerable signs of disturbance, although the disturbance was not even, as there are different degrees of overlap in the trawl marks on the seabed and that different parts of the trawling gear cause different types of disturbance. 

This was further borne out in the results of sediment profile imagery analysis that indicated that sediment were levelled and that softer surface layers had probably been removed, leaving deeper exposed compacted layers. 

In terms of the fauna, the general megafaunal community was certainly affected and two types of communities could be identified in the two areas. The actions of the trawl, as well as sediment disturbance have the effect of removing a large proportion of megafauna residing on or near the sediment surface, with sessile species affected more than mobile species that may be able to escape from the trawl path (eg. mobile shrimps). 

The delicate filter feeding crinoid Leptometra phalangium was found in spread out, but dense aggregations in the control area, but was also observed on the edge of the trawling lane where they may benefit from increase in suspended sediments as a food source. The gastropod Apporhais pespelecani, found in higher abundance in the trawled area is a hard shelled microcarnivore. Its shell gives it a high degree of protection from being hit by various parts of trawling gears, whilst it would be trophically favoured by the uncovering of or damage to buried fauna in this area.

The imaging methods used or covered in this study allowed the investigation of trawling impacts at different scales and resolutions. Scales ranged from 15 cm to 200 m with resolutions of millimetres to tens of centimetres respectively. The methods are all relatively quick giving initial results either immediately or within a few hours (the time taken for film processing).  Post processing or analysis may take some additional time. In comparison, traditional methodologies such as the Agassiz trawl samples tend to take much more time for a full analysis, with the exception of a ‘quick review’ of the sample as with the catch photographs (in itself an imaging technique). 

The full analysis of the traditional methodologies may give more detailed but quite specific information (eg. species number, abundance and biomass, trophic structure and ecological information – all with strong statistical analysis possibilities as long as there are an adequate number of replicate samples). 

The imaging methods can be perceived as ‘high-tech’ and therefore costly to purchase and run. However, the expertise needed to run such systems (an understanding of seabed conditions and support from electronics personnel) can be acquired through training missions and ‘on-line’ help during subsequent operations. The advantage of such methodologies lies in their attributes of direct observation and can be encompassed in the phrase ‘a picture is worth a thousand words’. Traditional methodologies require a high level of experience/expertise, especially with respect to taxonomic identification, although the equipment for sample collection is low cost (grabs, dredges, trawls). 

It is now becoming quite common in western Europe to combine these newer technological methodologies with traditional techniques, giving the ability to cover wide areas quickly with low resolution techniques and then to target trouble areas with more traditional techniques leading to more efficient sampling and analysis. Technological advances are leading to larger production of lower-cost electronic instrumentation, that is becoming more available to the scientific community every year. 

5.   Implementation of Results

The main results of the project consist in the transfer of equipment, training and knowledge to the project partners in the Fisheries Institute, Bulgaria. The training experience has given the participants a far wider experience into ecosystem fisheries interactions, and for on-site training in methodologies and techniques for environmental studies, how these may be perceived, how they may be studied and how the correct conclusions may be drawn. The participants are better enabled to work in their own country to tackle environmental problems in the Bulgarian Black Sea from the identification and elucidation towards the provision of information towards better management policies. The participants were exposed to new modern methodological processes for environmental studies and it is hoped that they will be able to obtain additional finance so that they will be able to purchase some of this additional instrumentation.

Equipment has been provided to strengthen the infrastructure of the Fisheries Institute. This has covered certain requirements for improved biological and chemical analyses with respect to both the pelagic and benthic ecosystems and the for the collation, storage and detailed statistical analysis of data. The Institute library has been supplied with books and recent reference material supporting both the Black Sea, and general ecosystem studies, not available elsewhere in the country.

The present project cannot go beyond identifying key underlying problems of the participating country, where financial support towards fisheries is extremely limited. However as conditions improve through legal restrictions, the expertise and support is in place to initiate new applied research programmes. Strong links between the participating instutions are now in place and links have been developed with other institutions particularly in Europe through the SfS-supported participation of the Bulgarian participants in international symposia. These links have opened up strong possibilities for external financial support to research in Bulgarian waters through inclusion in proposals to funding agencies in both NATO (SfS) and the European Union (Fifth Framework Programme). The current project acted as an energy flux to help create a critical mass with motivation and scientific ambition. It is significant that as a result of this OUTREACH project the scientists who were exposed to ideas, theories and technological know-how are maintaining this momentum by cooperating with other Institutions. It is of no small significance that Dr. Daskalov, cooperation partner was invited to make a presentation at the prestigious EUROCEAN 2000 Conference in Hamburg in order to present aspects of biological productivity in the Black Sea. However continued external funding at this time is essential to maintain the critical mass and to ensure that the good work is not reversed and that there is some continuity. 

Overfishing has long been a problem in the Black Sea, but it is extremely difficult to control in the face of general financial hardships. The Fisheries Institute is certainly in a better postion to provide advice on environmental status towards management policies, but this will not help if conservation measure cannot be put in place or regulated. This is a circular mechanism where internal funding will not be provided for advice that cannot be used, no matter how high its quality may be.

At the national and regional level it is planned that  by the combination of methodologies – in which the OUTREACH project provided a major input in the training of scientists – a conservation strategy will be put into operation on a larger scale than the local ministerial level and will be used by international organisations such as advisory groups and activity centres associated with the Black Sea Environmental Programme, CPU, the Istanbul Commission, the Strategic Action Plan for the Rehabilitation and Protection of the Black Sea. 

6.
Conclusions

In the late 80s the NATO SfS Programme sponsored a multi-disciplinary project, «Food Chains in the Mediterranean» (Eleftheriou et al., 1993) which provided the means, facilities and know-how to the nucleus of a marine sciences group of the University of Crete which ultimately founded the Institute of Marine Biology of Crete. The upshot of this development was the creation of a research centre of international repute in the Mediterranean, which had the competencies and the means to conduct research of a high standard.

The present OUTREACH project would not have been possible without the existence of the Institute of Matine Biology of Crete and all that had been invested in it over the years: money, time, talent, sheer hard work and dedication.

One important activity of the FISHECO project was the development of underwater studies, made possible by the acquisition of the know-how, the necessary equipment (underwater television, sledges, underwater photography, sounders and sampling equipment), and land-based facilities for the analysis and processing of the underwater observations, measurements and samples. Most of these facilities, as well as the services of the Institute’s RV PHILIA (purpose-built for the SfS Programme’s needs) were used entirely or in part by the IMBC personnel for the implementation of the training needs. On the other side, the Institute of Fisheries Research in Varna (IFR) provided its own facilities for the exploration of part of the continental shelf which constitutes the main fishing grounds of the Bulgarian fisheries. Equipment, laboratory space and ship time on RV Prof. A.Valkanov were provided for an exploratory phase of the benthic environment and its organisms along the western Black Sea shelf prior to the experimental use of trawls and the assessment of the impact by underwater techniques. A certain number of instruments, analytical equipment, books and manuals were mainly procured for the IFR cooperation partners as this was deemed essential for the better implementation of the OUTREACH Project as well as consisting of an investment for improving the scientific and technical infrastructure and competence of the IFR research capability.

The important training element which was implemented in the Aegean Continental shelf using the IMBC’s facilities and ship’s services, was carried out unhindered and to great effect. Comparisons and contrasts with the Black Sea environment were made and used for simulations of the underwater techniques under different prevailing conditions.

The OUTREACH project was successful and useful in more than one way (see IFR reports in Appendices):

1.  Comparisons of conventional field and laboratory techniques led to comprehensive standardisation of methods, with the possibility of future inter-calibrations

2.  Detailed examination of the environmental impact in a typically-exploited fishing ground from anthropogenic activities allowed interpretations as to the underlying mechanisms operating in fisheries- related disturbance of the marine sediments.

3.  Exchange of ideas and views as to the nature of the range of disturbances caused by a range of different fishing gear in the two areas and formulation of measures for the alleviation of the destruction of the benthic ecosystem and consequently the fishery itself, thus complementing the deficiencies of the participants.

4.  Familiarisation and training of IFR scientists with a range of direct assessment techniques by means of up-to-date equipment.

Introducing IFR scientists to methods of data acquisition, processing and synthesis obtained from a variety of techniques.

5.  The project was rather small in scope and certainly constrained by the funds available. However, it amply demonstrated how a NATO-sponsored programme can be instrumental in assisting a future member of the Alliance by disseminating accumulated know-how and expertise from one NATO country, which leads to a heightening of the scientific competence and competitiveness of the country concerned.

6. An Action Plan for the protection of the continental shelf through evaluation and monitoring was discussed among the partners. Plans for future cooperation with the possible establishment of a network between marine-related research organisations involved in the promotion of sustainability of fisheries and the marine environment of the Black Sea were laid down (see IFR reports  in Appendices).

7.  Collaborations

8.  OUTREACH Budget

9. Appendices

7.  Collaboration

List of Collaborators, principal scientific personnel involved in the project. 

Institute of Marine Biology of Crete, Crete, Greece:

Prof. Anastassios Eleftheriou, Project Director

Dr. Christopher Smith, Head Marine Ecology and Biodiversity Dept.

Konstantia Papadopoulou (doctorate) Marine Ecology and Biodiversity Dept.

Institute of Fishing Resources, Varna, Bulgaria:

Prof. Peter Kolarov, Director

Dr. Stoiko Stoikov, Head Benthos Section

Dr. Violeta Velikova, Head Hydrobiology Section 

Dr. Georgi Daskalov, Fisheries Section

Contacts were also made with University of Crete (Ecology Lab.), IMBC fisheries (Dept. of Fisheries and dept. of Marine Information Systems and electronic applications) and Oceanography (Plankton laboratory) departments. No external assistance or consultants were used during the course of this project. However important contacts were made through participation in two ICES conferences (ICES Symposium on Marine Benthos Dynamics: Environmental and Fisheries Impacts and ICES-SCOR Symposium on Ecosystem Effects of Fishing) and ABDMAP workshop (Algal Bloom Detection).

1.7. Budget etc

@@@@@@@@@ @@@@ %%%%%%%%% %%%%% One
1.8. Appendices: IFR Summary Report and SfS Outreach Project trip reports

Appendix I

IFR Summary REPORT

on how this NATO project benefited the Institute of Fishing Resources-Varna

1. 
It allowed our specialists to participate in Workshops and Conferences abroad, 

in Greece (a & b) and in France (c): 

a. ABDMAP workshop (Algal Bloom Detection), 

b. ICES Symposium on Marine Benthos Dynamics: Environmental and Fisheries Impacts, and 

c. ICES/SCOR Symposium on Ecosystem Effects of Fishing. 

2. 
It allowed IFR to establish personal contacts with specialists from the Institute of Marine Biology of Crete, from the National Centre for Marine Researches in Athens and from other countries. These contacts will contribute for further cooperation and working out of new joint projects. As a result of developing scientific cooperation between Greece and Bulgaria, specialists from IFR-Varna were invited to participate in the International Conference – Athens, February, 1999 – Oceanography of the eastern Mediterranean and the Black Sea: similarities and differences.

3.
 The training gave new knowledge about impact of fishing on the marine environment and modern methods of study. The presented approach could be applied for the Black Sea in further studies. There are no similar studies for the moment in the Black Sea, where benthic communities and the whole ecosystem are strongly influenced by fisheries. Overfishing is just one of the factors changing the production system of the Black Sea. It can induce cascading food web effects impacting lower trophic levels. Other impacts of fishery are not well known (as of demersal fishing gears on benthic communities, for example). 

4. 
New knowledge about the Aegean Sea ecosystem, which will be used for comparison to the Black Sea ecosystem, defining of differences and similarities;

5. 
New equipment for the Institute of Fishing Resources – balance, microscope NICON with possibilities for phase contrast and fluorescence studies of samples, spectrophotometer, computer workstation Pentium II, printers – Laser and DeckJet color, software – S-PLUS 4, CD-recorder, scientific literature. 

6. 
The new equipment allows applying modern methods, studied in the Institute of Marine Biology of Crete. Protocols for different kind of measurements were provided – for Si, NO3, PO4, microzooplankton biomass etc. 

7. 
The project helped to popularize the scientific research of the Institute of Fishing Resources and to attract the attention of different Institutes from Greece, Germany, United Kingdom etc. to the long-term monitoring of the Bulgarian Black Sea, carried out for more than 45 years by IFR-Varna.

8. 
The work with modern equipment on R/V Philia and demonstration of CD-recordable images on computer gave information about innovations in marine  technologies. 

9. 
The application of the statistical programmes Biodiversity Pro, Primer, ADE-4 and S-PLUS in IFR-Varna will improve the analysis of data and give new opportunities for interpretation of the results.

Generally the project opened new horizons for more cooperation and modern research in studying the Black Sea ecosystem, improving the qualification of specialists from IFR-Varna, increasing the flow of information about other projects and scientific results, raising the good name of IFR-Varna and nominating it as a partner in joint studies.

We express our deep gratitude to NATO for the given opportunity to work in a new style and to our colleagues from the Institute of Marine Biology of Crete for the time spent with us for education and training, cooperation and entire assistance during the whole project.

Appendix II

REPORT

of  Dr. Violeta Velikova, Head of Hydrobiology Laboratory

on her visit to IMBC-Greece 22-30 September 1998

On 22.09.1998 Dr. Velikova visited the Institute of Marine Biology of Crete and was introduced to IMBC scientific staff. Dr. Velikova was informed about the different scientific programmes that the Institute of Marine Biology of Crete was involved in and about the equipment and the cruises of the research vessel "Philia".

During this visit Dr. Velikova took the opportunity to attend the 5th ABDMAP workshop (Algal Bloom Detection, Monitoring and Prediction A European Concerted Action co-ordinated by the University of Dundee and organized by the Institute of Marine Biology of Crete) and to present a review of her work on the red tides in the Bulgarian sector of the Black Sea during the 10 year period 1987-1997 (abstract appended).

The topics for this workshop were focused on examples from the Eastern Mediterranean, Aegean, Adriatic and the Black Seas, and Dr. Velikova’s talk refered to the phytoplankton blooms and their impact upon the ecosystem.

Having a certain experience in short time-scale models / day-night cycle Dr. Velikova demonstrated on PC her short-term model of phytoplankton functioning and presented an approach in simulations which is very different from many others well-known from the practice.

During this visit Dr. Velikova had discussions with some of the Institute’s senior scientists, visited different departments of the Institute and studied the methods used in chemical and biological investigations concerning mostly impact studies such as fisheries upon the environment.

Dr. Velikova was also able to use the Library facilities of the Institute of Marine Biology of Crete and benefited from the available scientific literature and especially the latest papers and and state-of-the-art manuals.

Dr. V. Velikova, Institute of Fishing Resources, Varna, Bulgaria

Red tides  in the Bulgarian Black Sea during the last decade (1987-1997)

5th ABDMAP workshop (Algal Bloom Detection, Monitoring and Prediction)

ABSTRACT

Routine monitoring carried out for almost 45 years (1953-98) in the Bulgarian Black Sea allows a study of the phytoplankton communities’ evolution. The dynamics of key environmental factors contributing to algal blooms are well-documented in the bibliography for the 70-s and 80-s.  In this paper time series of phytoplankton density, biomass and species composition in the Bulgarian Black Sea are analyzed in order to reveal the red-tides' dynamics during the last decade (1987-1997) and their influence on the ecosystem. Main patterns of year-to-year fluctuations and major shifts in the phytoplankton community are discussed.  Many indications lead to the conclusion that phytoplankton blooms have not become less frequent in comparison to the period of progressive eutrophication (1975-85) and  there is a trend towards an increase in the number of blooming species involved. The community maintains the capacity to produce large biomass together with the increase in nanno-planktonic species abundance. Areas of high productivity occur mainly in coastal waters. In open sea areas the level of algal biomass is higher than it was in the 80's. Despite the overall low silicates concentrations, the 90's are the period of diatoms predomination.

Appendix III

REPORT

of Drs. Georgi Daskalov and Stoiko Stoikov (IFR,Varna, Bulgaria)

on their visit to IMBC, Greece, 02-12.10.1998 under the NATO SfS Outreach

project “Effect of trawling activity on the environment and the 

productivity of fishing grounds”

1. Participation in the ICES Symposium on Marine benthos dynamics: environmental and fisheries impacts held in Hersonissos, Crete 04-07.10.1998.

· The symposium presentations gave a broad panorama of the recent research on the environmental and fisheries impacts on the demersal communities. New knowledge on advanced methodologies, historical trends, case studies and recommendations for management in the fields of benthos and fisheries research was acquired. 

· Possible impacts of eutrophication, pollution and trawling on the Black Sea ecosystem were discussed with other participants. Opportunities of carrying out impact studies in the Black Sea and comparing them to other ecosystems were envisaged.

· Leading experts from other countries and institutions were contacted and potential participation in joint research projects was discussed.

2. Training visit in IMBC - 08-10.10.1998 .

    Presentation and discussion of impact studies. 

· Presentation of the background, methods, and basic results of the impact studies carried out in the Aegean by Dr. C. Smith and co-workers. 

· Evaluation of the possibilities to conduct similar studies in the Black Sea: the interest of comparing different methodologies: experimental trawling, underwater video recording and photography, mega-, and macro-benthos sampling. The role of the complementary biological and oceanographic analyses: how much is needed? 

· Discussion of different research scenarios in performing impact studies and the choice between them relating to the specific conditions and research problems in the Aegean and the Black Sea. 

· Presentation of available equipment and facilities used for studying fishery related effects on the marine environment in IMBC and on board of R/V Philia 

· Visiting other laboratories and sub-units in IMBC in relation to future cooperation with IFR. 

· Hydroacoustics and Marine Information Systems Department. Presentation of the current research in IMBC in hydroacoustics and the possibility for cooperative research with IRF. Presentation of the fisheries statistics network and database (GIS) of IMBC. 

· Marine aquaculture unit. 

· Meetings with the IMBC Director Prof. Zouros and SfS Outreach project leader Prof. Eleftheriou and discussions on future joint projects of IMBC and IFR in marine benthos dynamics and Black Sea mussels genetics and biological indicator studies. 

Appendix IV

REPORT

of  Drs. Violeta Velikova, Head of Hydrobiology Laboratory and 

Dr. Georgi Daskalov, on their visit in IMBC-Greece 21-31st of March 1999.

1. Presentation by Dr. C.Smith of main funded and national Research Programmes in which IMBC is presently involved. 

2. Presentation of available equipment in IMBC and on board of R/V Philia, especially which is used for studying fishery related effects on the marine environment.

3.   Discussion on direct and indirect effects of fisheries on the ecosystem:

1. Benthic invertebrate communities in the Aegean Sea, Cretan waters;

2. Demersal fish communities;

3. Water column parameters;

4. Sedimentary physico-chemical parameters;

5. Recovery of impacted areas. 

4.   Setting of a field experiment on board of R/V Philia:

· video sled experiment – specification of the equipment; transects in fished and unfished areas – video “scanning” of seabed, viewing on the computer monitor the configuration of the bottom and the available benthic organisms, comparison between the received results in both areas on video;

· trawling by Agassiz trawl in fished and unfished areas; sorting the fauna into categories, preservation; discussion on the predominating groups of benthic organisms in the Aegean Sea (mainly Crinoids – Leptometra phalangium); weighting of the sorted organisms for biomass;

· sampling by Smith-McIntyre grab;

· sampling by Niskin bottles, preservation of the samples, processing for identification of phytoplankton;

· sediment profile imagery by remotes camera (SPI) – installation instructions, explanation about its functioning, control and operation; processing of the received photographs, analyzing them using statistic methods (T-test) for checking the difference between sediments in fished and unfished areas, discussion on the received results.

5.  Discussions with Prof. A.Eleftheriou and Prof. Zouros (Director of IMBC) about future cooperation in scientific projects, possibilities for specialization of Ph.D. students from the Institute of Fish Resources-Varna, Bulgaria in the Institute of Marine Biology of Crete. Proposal of Prof. A.Eleftheriou to the Institute of Fishing Resources-Varna to join the European Marine Research Stations Network Proposal in environmental studies and biodiversity. 

Visiting the IMBC Fisheries department

· Presentation of the ongoing research on stock assessment and fish biology and ecology of demersal, small and large pelagic fish in the Fisheries department by Dr. A. Machias, Head of the Fisheries Dept.

· Presentation of the research and cooperation possibilities of IFR-Varna by Dr. G. Daskalov.

· Discussing the possibilities to submit join projects in stock assessment, recruitment studies, comparative environmental and fisheries studies.

6.   Visits in different laboratories:

· studying the methods, applied in IMBC for sampling and processing of benthic and pelagic Protozoa;

· studying the methods for sampling and processing of Flagellates, epi-fluorescence microscopy of samples;

· studying the methods for determination of nutrients in the water column, using spectrophotometer;

7. Demonstration of Side Scan Sonar on the computer by CD Recordable-image of the seabed:

· sea grass pictures; 

· identification of trawling marks on the screen of the computer – for example, from an oyster fishing area. 

8. Study of different software – programmes for statistical processing of the data, received in situ:

· Biodiversity Pro – multivariate statistics, developed by the British Natural History Museum; 

· PRIMER – software developed by the Plymouth Laboratory for multivariate statistics of diversity, evenness, percent of similarity between stations, multi-dimensional scaling etc. 

· ADE-4 – software of multivariate ecological data analysis developed by the University of Lyon 1, France. 

Appendix V

REPORT

of Dr. Georgi Daskalov (IFR,Varna, Bulgaria) about the

participation in the ICES/SCOR Symposium on “Ecosystem effects of fishing” 

held in Montpellier, France 15-19.03.1999

1. The Symposium was attended by more than 400 participants who reported their results on many different aspects of fisheries related changes in ecosystems including decreasing size and value of the fish production, loss of biological and ecological diversity, food web interactions, introducing of exotics, direct and indirect impacts on the fish and environment, etc. The invited speakers provided useful syntheses on broad range of topic covering fisheries related effects on different marine ecosystems: shelves, semi-enclosed seas, upwelligs, coral reefs, deep-sea systems; species groups: fishes, marine mammals, benthos, plankton. Multispecies and ecosystem modeling and quantifying fisheries impact methodologies were reviewed. Special attention was paid in discussing management issues: how to manage effectively multispecies fisheries and ecosystems. Countries’ and international experience in achieving ecosystem management objectives was reported. The symposium ended with a discussion between scientists and managers on the implications of ecosystem considerations in fisheries management.

2. Apart of the invited speakers presenting oral reviews on selected topics the rest of the presentations reporting original research was shown as posters. Some of the contributions were selected to be included (after peer review) in the symposium proceedings to be published as a special issue of the ICES Journal of Marine Science. My contribution titled “Fishery causes a trophic cascade in the Black Sea?” was presented as poster and invited for publication in the symposium proceedings. It was highlighted together with another poster on the Black Sea in the discussion on ecosystem syntheses. The topics concerning fisheries induced food web interactions leading to apparent trophic cascades and the relative importance of the bottom-up versus top-down control in ecosystems were thoroughly discussed in many contributions and during the poster sessions. 

3. Submitting joint projects under the EU 5th framework program in science and technology and other funding possibilities were discussed with participants. Representatives of different research institutions expressed their interest to cooperate with IFR-Varna in the fields of stock assessment, comparative environmental and fisheries studies, food webs and ecosystem modeling.

2. Summary report

@@@@@@@@@ @@@@ %%%%%%%%% %%%%% One page summary of the final report to be included in the overall SfS Programme Phase III report. Should especially stress the objectives, results and implementation of results
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