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The ICES Symposium on “Marine Benthos Dynamics: Environmental and Fisheries Impacts” was held on Crete in the town of Hersonissos, near Heraklion, from 5-7 October 1998. It was hosted by the Institute of Marine Biology of Crete with the generous support of DG XII and DGXIV and the Greek General Secretariat for Research and Technology. The meeting attracted great interest from scientists from several disciplines and many special fields


A total of 160 participants from 23 countries attended the meeting, including representatives from all five continents. The Symposium was organized according to three thematic areas following the different emphases given by the submitted papers. The first thematic area dealt chiefly with the evaluation of direct and indirect effects of fishery-related activities. The second considered disturbance due to anthropogenic causes and the recovery phase of bottom-living organisms and the sea floor, and the third covered natural disturbances and fluctuations induced by non-anthropogenic events. There was a total of 44 oral and 37 poster presentations at the Symposium. There were also three underwater video presentations on the subject of the detrimental effects of trawling, mainly upon deep coral formations.


The Symposium opened with a presentation from John Gray who voiced concern that the role of science had decreased in making managerial decisions over environmental issues in recent years. This had come about partly because green lobby groups argued that as science does not deal with uncertainties it should have no place in debate and that discussion of such issues should be directly with management. Furthermore, Gray did not see that this was necessarily the case and that government decisions could be driven by scientifically sound principles. To back up this point, two examples were given of occasions when he had used a rigorous scientific approach to influence government legislation, on the basis that existing monitoring methods had not been sensitive enough to detect changes in the benthos. An important question arising out of the use of such an objective approach is the following: what levels of environmental effect are unacceptable?. Merely detecting an effect does not necessarily imply ecosystem damage. Wim Wolffe’s presentation drew Gray’s arguments neatly into the fisheries impact arena, with a look at the management of shellfisheries in the Dutch Wadden Sea and the effects that harvesting mussels, cockles and shrimp had had on the benthos and productivity of the area. It is shellfish dredging that probably causes the greatest disturbance to the seabed of all bottom-fishing activities, being particularly true of suction dredging used in cockle fishing. Poor recruitment led to shellfish catches being regulated so that 60% of the stocks had to be preserved as food for bird populations. Subsequent studies to determine whether this procedure had been effective were inconclusive. Mussels had not declined in numbers, neither had the numbers of oystercatchers, though cockles had experienced some loss, as had eider duck. In the end government decisions had been based on Type I and Type II errors, with fishermen getting the benefit of the doubt over conservationists. 


The first thematic area included most of the papers, with 25 oral presentations which examined very closely a previously- held assumption that fishing gear is detrimental to the environment and the organisms on the sea bed. There were divergent opinions and much argument.


Long-term effects of shellfish dredging seem difficult to demonstrate. Comparison of the effects of mussel dredging between a regularly fished area and one that had been closed for mussel dredging for almost ten years on fin fish catches were made (Erik Hoffman et al.).  Despite clear visual evidence of dredging in the mussel beds of the open area, no significant effects could be detected on the epifaunal community or fish catches from the two areas. Studies on the infauna at the same locations (Per Dolmer) showed that there had been a reduction in certain polychaete species that was paralleled by an increase in the shrimp, Crangon. It was suggested that disturbance by the mussel dredging resulted in the transport of biomass to a higher trophic level.


A rather different sort of shellfish harvesting was reported from South Africa (T. Lasiak) who, by using ABC curves showed that subsistence collection of molluscs from a rocky intertidal subsistence fishery resulted in measurable impact. This was backed up by multivariate analysis. However, two-way SIMPER analysis indicated that most of the dissimilarity between exploited and unexploited sites could be mainly attributed to differences in abundance of those species that were being harvested.


The effects caused by unusual harvesting methods such as creels and pots (C.Eno et al.) for lobster and crab fishing revealed that benthos disturbed by the traps invariably recovered and lasting impact was not evident. However, the study showed graphically the consequence of losing traps, which resulted in a continuous fishing effort over a period of at least a year, and also resulted in mortalities of several species of Crustaceans and fish.

Another account of the impact of unusual harvesting methods was given (K. Sjotun) concerning the impact of kelp harvesting on fish populations, studied by SCUBA. Despite the major change of habitat brought about the removal of the kelp canopy, there was a general increase in labrids and gadoids over the following summer in both harvested and unharvested areas of an experimental bay. However, if 0-group gadoid schools were excluded, then the density of gadoids in the un-harvested area was significantly lower suggesting that it was important to manage the ratio between harvested and unharvested areas in any given region.


This thematic session was concluded by some spectacular but convincing presentations of the impact of trawling on benthos.  Some excellent under water video (J.H. Fossa) showed the severe damage that could be done to Lophelia beds by the use of rock hopper trawls in the deep water off the Norwegian coast. There, the extensive coral reefs are systematically cleared away prior to trawling leaving only small fragments of Lophelia and destroying the reef structure. Some more impressive video footage (T.Lundalv) from the Koster-Vadero trough, a relatively deep water channel off the west coast of Sweden, which is threatening the rich and diverse fauna of the area both directly and indirectly by the effects of sediment resuspension in the confined space of the channel.


Experimental work on extensive intertidal Sabellaria reefs on the French coast (R.Vorberg) showed that the drastic decline of Sabellaria reefs on the German North Sea coast over the last decade was not caused by beam trawling as had been suspected. It was concluded that other factors such as the building of dikes, causeways and storm barriers and the dumping of dredge waste as well as natural climatic factors were most probably responsible. The intensive development of commercial trawl fisheries in the Bering Sea was investigated (R.McConnaughey) and because of its relatively recent history with good record keeping it was possible to reconstruct the spatial and temporal patterns of exploitation. Comparison of the epifauna of unfished and fished areas showed that less mobile epifauna was more abundant in unfished areas, whilst more motile groups such as crabs and sea stars and bivalves were not as heavily affected. It was concluded that although overall diversity and niche breadth of sedentary taxa were greater in the unfished areas, life history considerations, such as feeding mode and habitat requirements were important in determining response.


Several presentations addressed the impact of trawling on soft sediments, such as in the case of the Irish Sea (B.Ball) and the great intensity with which parts of this area are fished. Using areas protected by wrecks, it was demonstrated that these heavily fished areas were relatively sparse in fauna, and what there was dominated by small polychaetes. Where protection was afforded by the proximity of a wreck, the fauna was rich and included large bivalves and echinoderms that were clearly vulnerable to the trawling. Another presentation (A. Schroeder) also used wreck proximity as a control to assess impact, but looked at long-term changes using data from 1923, 1975 and 1995. It was found that there had been an increase in number of species, abundance and biomass over the period which appeared to be a result of short-lived opportunistic species, whilst long-lived species had declined. This was reflected in the wreck protection comparisons, where the protected areas supported more fragile species and larger organisms than the unprotected. Examination of long-term data sets from the 1920s and 1980s (C.Frid) indicated that not all parts of the North Sea showed significant changes,but where there had been a change it had been a subtle change in many taxa, suggesting the impact may be indirect.


More evidence that change is not always as significant as might have been expected was provided by and investigation (M. Lindegarth) who found that after twelve months of intensive trawling in an protected area both trawled and untrawled areas showed similar large temporal changes in benthos. Changes were only slightly larger in trawled areas suggesting trawling might influence small scale spatial and temporal variability only. The use of REMOTS sediment profiling in the same experimental areas (H. Nilsson) confirmed the nature of the small-scale changes.

The IMPACT II programme provided a noticeable input to the symposium (M.Bergman et al.) with a comparison of the impacts of otter and beam trawls and an attempted estimation of the annual mortality of megafauna by means of the tri-D dredge. It was found that in the Dutch sector the 12m-beam trawl was the most damaging, causing 5-40% mortality of megafauna. Relatively low mortalities followed the use of the otter trawl and the 4m-beam trawl with a chain matrix. Overall the impact resulted in lower densities of vulnerable species and a greater abundance of opportunistic species. Mortality induced from trawling was also examined in connection with the response of scavengers (S. Groenewold). It was calculated that there was an annual discard of some 260,000 tonnes of fish and 120,000 of invertebrates. Using traps and fish stomach analysis to estimate scavenger density it was shown that there was a clear immigration of fish into trawled areas which was most noticeable immediately after the trawl pass. Quantifying the food released by the trawl pass it was concluded that its direct importance to the ecosystem was small and that beam trawling leads to short cuts in trophic relationships often resulting in high turn-over rates and production. On the basis of these data it seems as if ICES fishery statistical squares cover too great an area to give accurate estimates of damage from trawling. It was shown (G.Piet) that a better estimate can be made using sediment depth strata, which could be improved further using 1x1 high resolution fishery effort data. The trawling impact in the Eastern Mediterranean (C.Smith et al.) was studied along a trawling lane, which was compared with an adjacent unfished area. It was shown that a few benthic species which were more abundant in the trawling area were mainly predatory and scavenging species. It was concluded that different components of the benthos react differently to trawling disturbance. Other studies in the Mediterranean (P.Sanchez) showed that otter trawling on coarse substrata did not have a significant effect on species richness and diversity in the first 100 hours after impact, but did show differences after 150 hours. This implied that scavengers and predators made a significant impact. Analysis of faunal differences between trawled and untrawled sites showed that most groups of animals were not affected by the trawl. Maerl grounds (M.Rizzo) were also shown to be vulnerable to trawling but that some disturbance of the sea bed could be beneficial for the growth of the maerl, but excessive turnover can result in the formation of overlarge rhodoliths resulting in a coarsening of the substratum and change in the associated fauna.Another type of impact in the Mediterranean was reported (G. Relini et al.) in which trawling activity was related to the spread of the introduced and invasive algal species, Caulerpa, which is dispersed on the nets of trawlers and has been invading the north coast of the Mediterranean and competing with the indigenous species, Cymodocea. Although the resulting habitat changes are not very great, there is some evidence of reduction in commercially important invertebrate and fish species. In addition, Caulerpa interferes with fishing gear deployment.


An impressive work programme being carried out in northeastern Australia (R. Pitcher et al.)  aims to follow the recovery of mega-zoobenthos from intensive trawling. Comparing fished areas with closed areas he found few differences in the mega fauna. In experimental trawl plots in which there was a single pass, even though 1-7 tonnes of material was removed from each plot, no significant difference in megafauna could be detected. However, more intense treatment, up to 13 consecutive passes, resulted in substantial impact. The study concluded that impacts on the megabenthos may not be detectable in areas that are trawled sparsely and that good management can allow sustained exploitation.


The overall conclusion of the controversial session was that heavy damage to the seabed and the benthic organisms following trawling operations is not always evident. The answer to the question as to whether this stems from the hypotheses that benthic organisms are particularly resilient, or that we are dealing with highly modified communities, was not clear. The session closed on the positive note that, with good management, sustainable exploitation of seabed resources is possible.


The second thematic area looked at disturbances from other anthropogenic causes and the evolution of the benthos towards recovery. A total of 10 papers was presented which, although the scope of the thematic area was wide, still focused mainly on the effects deriving from dredging or dumping material and the different phases leading towards recovery of the benthic communities’ return to a possible pre-disturbance situation.


The effect of a rapidly developing port in Queensland, Australia (M.Walker) which has instituted a comprehensive environmental programme is already being put to the test with the occurrence of an unexplained crustacean shell disease slowly spreading up the adjacent coast which may be related to the quality of the sediment. Similarly, a study showed that temporal changes in benthos communities were affected by dredged material disposal in Quebec (J.Munro). It was found that more than two years were needed before disturbed areas returned to a sediment and community structure similar to unaffected sites. A more spectacular disturbance was described from South Africa (C.Savage) where a multivariate analysis on faunal data from a marine diamond mining operation was carried out. There was evidence that some hard bodied species were able to survive the mining process, but there was a significant impact on the faunal communities, with a trend towards pre-mined conditions three years after mining had stopped. A study of the effects of a massive extraction of sand for beach nourishment in the Bay of Blanes in Spain (R.Sarda) showed that recruitment after dredging was exceptionally high and during the course of the second year after the dredging, density and biomass were back to normal. However, commercially harvested species such as Callista take four years to reach marketable size, and thus the area’s local Callista industry was destroyed. The effects of aggregate dredging off the north coast of France was also shown to be limited (M. Desprez). Following cessation of dredging operations the seabed in that area returned to control conditions within 28 months. The main impact from the aggregate extraction process appeared to be from the re-deposition of sand rather than the dredging itself and recovery time could be minimized by selecting high-energy areas for exploitation. However, rapid recovery may not always be apparent. It was found that in some areas changes in seabed morphology may persist for some time (J. van Dalfsen). Studies in the North Sea and the Mediterranean showed that recolonisation of disturbed areas was dominated by opportunistic species. Complete recovery of long-living species, such as bivalves and sea urchins, was not reported.

Environmental impact through fish farming activities was also considered. Investigations of the sediment conditions and fauna under fish cages in the Gaeta Gulf, Italy (Mazzola et al.) showed that recovery was quite quick once the source of contamination was removed. Chlorophyll and organic carbon levels reduced rapidly but the meiofauna was affected, with the most sensitive species being nematodes and ostracods, though they recovered quickly, reaching about 30% of control abundances in three months. One interesting observation was that the expected copepod/nematode ratio was reversed. Another study carried on three commercial fish farms in the Greek coastal zone (I. Karrakassis), located over substrata of different texture, indicated a marked impact on silty sediments, but an almost negligible one in the case of coarse sediment sites, possibly reflecting different hydrodynamic regimes.


In this session there was almost unanimous agreement that such activities have a profound effect, causing total disturbance of the physical environment and mortality of the macro-benthic communities. It may take several years before there is a gradual recovery to, perhaps, another ecological equilibrium, depending on the prevailing hydrographic conditions. However, some small-sized benthic organisms can recover in less than a year. Thus the conclusion of the session was that although recovery was slow and in many cases incomplete, nevertheless environmental impact could be minimized by selecting high-energy areas for exploitation.


The third thematic area included 9 oral presentation, with papers referring to naturally-induced disturbances due not only to hypoxic or anoxic events, but also to climatic changes which resulted in spatio-temporal faunal fluctuations and even in catastrophic mortalities. Some presentations also demonstrated the influence of the role of predators in the dynamics of benthic populations.


This thematic area dealt with natural and disturbance induced fluctuations in benthic communities. Richard Warwick’s keynote address dealt with methods of measuring impact on benthic diversity, producing some disturbing examples of the inadequacies of diversity indices. He proposed a new approach that took the hierarchical nature of taxonomic classification into account and developed an algorithm to incorporate this into a new measure of taxonomic distinctness that better represented the structure of the community being investigated and which was also statistically testable.


A couple of presentations (G. Batchelet and H. Kautsky) both demonstrated responses of benthic communities to different degrees of eutrophication which nevertheless did not provide a complete explanation of all the benthic dynamics that had been observed. A rather special case of disturbance of the benthos by acid run-off was described (J. Corfield). Using partial redundancy analysis and partial correspondence analysis the effects of pH and soluble aluminium were distinguished and shown to be insignificant. However, when combined the two factors had a strong influence, suggesting that there was a marked synergistic effect upon the benthos. 


The dynamics of intertidal invertebrate populations were examined ( J.van der Meer) and the influence and the role of predators was determined. The approach was an interesting one as it moved away from the approaches so often applied to explain dynamics of populations, to approaches that are more descriptive than analytical. A wider application of this approach in the environmental sciences will certainly take us a step further in understanding the dynamics of populations and the underlying regulatory mechanisms

Hydrographic and climatic changes on the ecosystem and the organisms were also described. A hypoxic event off the west coast of South Africa in 1997(G.Bailey) was responsible for around 1400 tonnes of rock lobsters being stranded because of a seasonal oxygen depletion of extreme severity. Partially to blame was a bloom of flagellates which, because of stratification, led to anoxic conditions developing. Widespread mass mortality of infauna in the relatively shallow waters of the inner part of Gullmarsfjorden in Sweden (W.Nelson), probably caused by low oxygen levels over a ten-year period (1987-1997). These events may be linked to regional climatic changes and may be related to North Atlantic Oscillation.  A study of temporal changes in benthic communities in different parts of the English Channel (C.Ghertsos) emphasised the importance of paying attention to different spatial scales. Development of a numerical model for the coastal lagoons along the Greek coasts (G. Triantafyllou  et al) showed the importance of external physical/chemical forcing on the pelagic system and its consequent effect on the benthic ecosystem was shown


There was general agreement in this session that some statistical treatments, including the use of diversity indices, are frequently not sensitive enough to handle some impacts on benthic diversity. New ideas emerged during the session which will not only help to develop more reliable statistical techniques, but also help to produce numerical simulations of the marine ecosystem.

The three-day meeting closed with no small elation on the part of the participants, who, having considered that benthic research has for years been treated as a subject apart, realized that it had at last found its place in that part of the environment that included fisheries. Of the 44 oral and 37 poster presentations, a significant number were not submitted for further evaluation. Of the submitted papers, all were thoroughly evaluated by at least two independent referees. Because of the restricted number of pages allowed for the Proceedings Volume, only 25 were finally selected for publication.
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